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No Fancy Adjectives are 
Needed to Tell About the 
Baker Core Barrel 


The Baker Cable-Tool Core Barrel is known all over the 
world. 


Its reputation for efficiency and economy in use, and the 
high percentage of perfect cores which it brings to the surface, 
offer the most satisfactory guarantee of performance ability 


which could be desired. 


That same performance ability has resulted in its being 
particularly favored in foreign fields, far from the source of 
supply, for it stands up under hard usage, with a minimum 


of repairs. 


The Baker Cable-Tool Core Barrel is particularly favored 
by geologists, not only because of its efficiency and economy, 
but also because of the perfect, uncontaminated cores it brings 
up for his inspection. 

It enables him to check every foot of the formation as the 


bit progresses downward. It brings up positive facts. 


Endorsements—testimonials—records of performance— 
we have those in quantity—but the real test, after all, is found 


in its application to your specific problems. 


We have prepared a 16-page treatise on the Baker Cable- 


Tool Core Barrel which is interesting, informative, and val- 


uable. It is yours for the asking. 


Export Sales Office B ER Mid-Continent Distributors 
25 Broadway, New Yerk City 


OIL TOOLS. 


Mid-Continent Branches Box L, HUNTINGTON PARK, CAL. Houston, Texas 


Tuten, California Branches 220 E. Brady St., 
Houston, Texas Coalinga Taft Bakersfield Ventura Tulsa, Okla. 


Stocks carried by Dealers in all active Mid-Continent fields. 


Be sure to mention the BULLETIN when writing to advertisers 
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There’s a difference in cores. Every geolo- 
gist knows that a core to be of value must 
bring up a true picture of the formations as 
they are in the hole—in perfect order—well 
formed—compact—of good length. 

The Elliott Cable Tool Core Drill is noted 
throughout the world for its longer, better 
cores, and the fact that Elliott cores cost less 
per foot of core recovered—performance that 
is due to correct design and precision manu- 
facture resulting from years of experience and 
intensive development. 

Detailed information and performance re- 
cords will be sent on request. 


ELLIOTT CORE DRILLING CO. 
4731 E. 52nd Drive, Los Angeles, California 


EXPORT OFFICE: 
150 Broadway, New York 


Distributed exclusively in the United States 
east of the ae Mountains. 
HINDERLITER TOOL MPANY of Tulsa, Okla. 


Em 
ore Drills 


Be sure to mention the BULLETIN when writing to advertisers 


The Elliott Cable Tool Core Drill 
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Geophysical Instruments for the 
Exploration of Mineral Deposits 


Their application cannot 
sal be separated from wi 
— The Future of the — 
American Oil Industry 


More than ever before the pe- 
troleum geologist depends on 
quick and reliable information 
about the subsurface conditions, 
especially in unexplored areas with 
little or no surface indications. 
It is the merit of our torsion 
balances and magnetometers that 
they have greatly assisted geolo- 
gists of many leading American 
operating companies in their ex- 
ploration work. They have _ Vertical Magnetometer, 

Small Torsion Balance, Proved through the test of time Impeoved Modal” 

Schweydar Model the accuracy of their analysis. 


FOR ECONOMICAL EXPLORATION USE OUR 
GEOPHYSICAL INSTRUMENTS 


We are making and selling for geophysical work: Torsion bal- 
ances, large and small models with automatic record- 
ing and visual reading; magnetometers; earth 
inductors; seismographs, Schweydar model. 


We train your personnel without charge 


Write for bulletins 


AMERICAN ASKANIA CORPORATION 


622-24 MARINE BANK BUILDING - - - HOUSTON, TEXAS 


Be sure to mention the BuLLETIN when writing to advertisers 
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The 
Brewster 
Shouldered will not “back 
Tool Joints off” going into 


Perfection 


Core Barrel 


—will take a 20-foot core 
when you want it. The 
“split liner” permits the 
removal of each core— 
quickly and unbroken. 


—in use by more 
than 80% of the 
major oil companies 
in the mid-conti- 
nent field, and hun- 
dreds of others else- 
where. 


the hole. 


COMPANY -~INC. 


SUCCESSORS TO OlL CITY WORKS INC 


Shreveport,Louisiana 


Write 


and prices... . no 


or wire today for catalog 


Be sure to mention the BULLETIN when writing to alvertiser- 
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GEORGE STEINER 
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GEOPHYSICAL SURVEYS 


Torsion Balance-Magnetometer 


Survey by Report by 
George Steiner Donald C. Barton 
Consulting Geophysicist Consulting Geologist and Geophysicist 
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| . U. G. Universal Diamond 
| Drill Mounted 

on Ford Truck 
| 


Lengyear 


MOUNTED ASSEMBLY 
for fast, accurate drilling 3 ; 


Your structure drilling and wildcat testing may be speeded up 
| with saving of time and money by using the new Longyear 
| mounted assembly. Rapid mobility is assured with a Ford model 
AA 1% ton truck chassis while the drill is the sturdy Longyear eal 
U. G. Universal type, having a capacity of 750 feet or more of a 
15/16-inch core. Power is taken from the truck transmission be 
through an exceptionally strong power take-off of our own design. 
The drill is equipped with a 14-foot mast with bronzed-bushed 
self-oiling sheave wheel and may be folded forward to a horizontal 
position for moving. 

The unit is complete and is ready for active oil field duty, 
where a drill of moderate capacity that can be moved rapidly is 
required. 

Our new Bulletin 33 describes the optional swivel heads avail- 
able, pumping equipment and other details in which you are in- 
terested. Write for it to E. J. Longyear Company, Minneapolis, 
Minnesota, Marquette, Michigan, or our Mid-Continent branch at 
Ponca City, Oklahoma. 


E. J. LONGYEAR COMPANY MINNESOTA 


| 
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STUDY THIS RECORD 


BY 


BARRET 


An Engineering Compilation on Ten Wells Made by 


One of the Major Gulf Coast Operators 
| Time 
Feet Drilled | Coring | Number | Average | Average | Number and | Feet of | Saved 
Well and Cored Time Cores Time Cost Size of Hole Actual 
Days Per Core| per Core| Bits Used | per Bit| Days 
Blank No. 1 | 1,864-2,674 15 17 38 min. | $21.53 | 8—944%”" | 81.0 5 
| 810 feet | | 4-614" | 49.0 
Blank No. 2 | 1,154-3,553 42 55 44min. | 23.06 | 21—9%%" | 59.6’ 12 
2,305 feet 69.5’ 
Blank No. 11 | 3,151-§,575 70 5° 52 min.}| 28.89 25—9%" | 52.0 15 
| 2,424 feet 22—6%"" | 50.0 
Blank No. 7 4,678-5,504 56 19 85 min. | 29.52 34974" | 22.9 5 
| o16 feet 6—614" | 23.0 
Blank No. 25 3,005-4,591 33 27 9° min.| 22.00 23—614""| 63.3’ 8 
| 1,465 feet 
Blank No. 9 3,467-3,800 15 9 140 min.| 24.00 5—614"" | 67.0’ 2 
| 333 feet 
Blank No. 93 2,809-2,960 16 7 32 min. | 23.56 | 25.5’ 2 
151 feet 
Blank No. 2 | 3,338-5,617 80 118 65 min. | 27.00 22—974" | 60.0’ 
2,279 feet 32—614%”" | 43.6’ 
Blank No. 1 2,260-5,770 07 54 59 min. | 21.55 54.0" 17 
3,510 feet 3—614” | 103.0’ 
Blank No. 1 2,851-3,925 38 32 5° min. 25.91 12—9%" | 66.2’ 9 
1,074 feet 6—614" | 30.0’ 
TOTAL, 10 Wells | 15,327 feet 462 388 65.5 m.| 24.70 181—9%" |__ 56.6’ 106 
2—8%" | 25.5’ 
54.2’ 


REED ROLLER 


150 Broadway, 


New York, 


N.Y. 


HOUSTON, 


Be sure to mention the BULLETIN when writing to advertisers 


; 


Bulletin of The American Association of Petroleum Geologists, May, 1930 % 


RD OF PERFORMANCE 


BY 
ETT-ROBISHAW 
-CORING BIT 


Then Read Further From This Same Report 


—, 


“The use of the bit has many advantages, among which are the following: 


Less wear and tear on equipment. 


2. Decreases the tendency of a driller to pass up a doubtful formation. 


. Improves condition of the wall of the hole. 


4. Helps prevent blow-outs. 


5. Decreases drilling time with all attendant savings.” 


And we have records on a hundred or more wells 


we'll be glad to give you. 


BIT COMPANY 


- 1317 Esperanza St., 
O N, Li XA S Los Angeles, Calif. 


Be sure to mention the BULLETIN when writing to advertisers 
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PATRICK 


CARBON 


FOR DIAMOND CORE DRILLING 


Dependability 
and Lower Costs 


_—— are the necessary foundation for all logical 
reasoning and intelligent planning. 


The Diamond Core Drill is universally used by the 
petroleum industry because of its ability to obtain 
essential facts at lower cost and in less time than any 
other means. 


Skilled drill crews, good equipment, and dependable 
Carbons (Black Diamonds) are the important factors 
in diamond drilling. Of these, good Carbon is the most 
important; for without it, men and machinery are 
handicapped, work lags, and costs run up. 


The preference of experienced drillers for Patrick 
Carbon is founded upon experience. They have learned 
to depend upon it and know that it is reliable. It is 
this reputation of supplying high quality Carbon that 
is responsible for the growth of the Patrick Organiza- 
tion into the world’s largest dealers in Black Diamonds. 


The universal satisfaction given by Patrick Carbon 
results from the close study that the Patrick Research 
Department has made of actual drilling. Intimate 
contact with drilling operations all over the world and 
under practically all conditions has enabled the Patrick 
Organization to gather a great deal of practical infor- 
mation. In order to grade Carbon intelligently on 
drilling value, it is first necessary to study Carbon in 
actual use. Patrick Carbon is the most satisfactory in 
the long run for any company to use because it is 
graded on the basis of practical drilling experience. 


Send for the interesting and practical Patrick 
booklet, “‘How to Cut Carbon Costs,’’ compiled 
from the experience of hundreds of drillers. It is 
sent free upon request. 


Patrick representatives regularly travel all pete | 
North America. A letter or wire requesting a call 
will be acknowledged by a Patrick traveler in 
person within twenty-four hours. 


R.S.PATRICK 


SELLWOOD BUILDING 
DULUTH, MINNESOTA,U.S.A. 


CABLE ADDRESS “EXPLORIAG’’ DULUTH 


Be sure to mention the BULLETIN when writing to advertisers 


; 

4 

q 


Bulletin of The American Association of Petroleum Geologists, May, 1930 


BULLETIN 
of the song 
AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 


F. H. LAHEE, Third Vice-President in Charge of Editorial Work 
J. P. D. HULL, Acting Editor 


REGIONAL ASSOCIATE EDITORS a 
Foreign: W. B. HEROY, Room 1500, 45 Nassau Street, New York City sa 
General: K. C. HEALD, The Gulf Companies, Frick Building Annex, Pitts- d 
burgh, Pennsylvania 
Appalachian: GAIL F. MOULTON, Louisiana Gas and Fuel Company, Box 311, ae 


Meridian, Miss. 

North Mid-Continent: FRANK C. GREENE, Shell Petroleum Corp., Box 1162, Tulsa, Okla. 

South Mid-Continent: R. E. RETTGER, Sun Oil Company, San Angelo, Texas 

Gulf Coast: DONALD C. BARTON, Petroleum Building, Houston, Texas 

Louisiana-Arkansas: W.C. SPOONER, Box 1195, Shreveport, Louisiana 

Rocky Mountains: R. CLARE COFFIN, 931 First National Bank Building, Denver, 
Colorado 

Pacific Coast: W. S. W. KEW, Standard Oil Company, 524 Standard Oil Building, 
Los Angeles, California 


The Bulletin of The American Association of Petroleum Geologists is pub- 
lished by the Association on or about the 15th of each month. Editorial and publication 
office, 504 Tulsa Building, Tulsa, Oklahoma, Post Office Box 1852. 

The subscription price to non-members of the Association is $15.00 per year (separate 
numbers $1.50) prepaid to addresses in the United States. For addresses outside the United 
States, an additional charge of $0.40 is made on each subscription to cover extra wrapping 
and handling. 

British agent: Thomas Murby & Co., 1 Fleet Lane, Ludgate Circus, London, E. C. 4. 

German agent: Max Weg, Kénigstrasse 3, Leipzig, Germany. 

Claims for non-receipt of preceding numbers of the BULLETIN must be sent to the 
business manager within three months of the date of publication in order to be filled gratis. 

Back numbers of the BULLETIN can be ordered from the business manager at the follow- 
ing prices: Vol. 2, $4.00; Vol. 3, $5.00; Vol. 4, numbers 2 and 3, each $3.00; Vols. 5 and 6, 
cloth bound, each $12.00; Vols. 7 and 8, cloth bound, each $11.50; separate numbers, each $2.00 
except Vol. 5, No. 2, $3.50; Vols. 9, 10, 11, 12, 13, cloth bound, each $17.00; separate numbers 
each $1.50, except Vol. 9, numbers 1, 2, and 3, each $3.00, Vol. 10, numbers 3, 11, and 12, 
each $2.00, and Vol. 11, number 3, $2.00. Symposium, Theory of Continental Drift, 240 
pp., 29 illus., $3.50. 10-Volume Index (1917-1926), $2.00. Structure of Typical American 
Oil Fields, Vol. I, 510 pp., 194 illus., $5.00 ($4.00 to members); Vol. II, 780 pp., 235 illus., 
$6.00 ($4.00 to 9 

The BuLLetIN furnishes thirty-five free reprints of major papers. Additional reprints 
and covers for all or part, are furnished at cost. Orders for reprints should accompany 
corrected galley proof. 

Association Headquarters—s5o04 Tulsa Building, East Fifth Street at Cincinnati Avenue, 
Tulsa, Oklahoma. 


Communications about the Bulletin, manuscripts, editorial matters, subscriptians, bey 2 

special rates to public and university libraries, publications, membership, change of address, : 
advertising rates, and other A iation busi should be addressed to 


J. P. D. Hutt, Business Manager 
Tue AMERICAN ASSOCIATION OF PETROLEUM GeEoLocisTs, INc. 
Box 1852 
TULSA, OKLAHOMA 


Entered as second-class matter at the Post Office of Tulsa, Okla., under the Act of March 3, 1879. Ac- 
tance for mailing at special rate of postage provided for in section 1103, Act of October 3, 1917, authorized , 
9% 1923. 


MID-WEST PRINTING CO., TULSA, OKLA., U. S. A. ; ‘ 


a a 
= 
I 
a 
cep 
Ma 


Bulletin of The American Association of Petroleum Geologists, May, 1930 


THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS, INC. 


OFFICERS FOR THE YEAR ENDING MARCH, 1931 


SIDNEY POWERS, President 
Tulsa, Oklahoma 
J. Y. SNYDER, Past-President R. D. REED, First Vice-President 
Shreveport, Louisiana Los Angeles, California 
MARVIN LEE, Second Vice-President in Charge of Finances 
Wichita, Kansas 


FREDERIC H. LAHEE, Third Vice-President in Charge of Editorial Work 


Dallas, Texas 


DISTRICT REPRESENTATIVES 


taal terms expire immediately after annual meetings of the years shown in parentheses.) 


Abilen Pacific Coast: 
M. ‘G. Cheney (1931), Coleman, Tex. C. R. McCollom {z950), Los Angeles, Calif. 
Amarillo E: F. Davis (1931), Angeles, Calif. 
e. Max Bauer (1930), Boulder, Colo. Frank A. Morgan, Jr., (1931), Los Angeles, Calif. 
A as Rocky Mountains: 
R. E. Somers (1931), Pittsburgh, Pa. . A. Stewart (1930), Denver, Colo. 
Ardmore—Oklahoma City: Charles M. Rath 1931), Denver, Colo. 
Hubert E. Bale ol Oklahoma City, Okla. San Angelo: 
Canada: R. F. Imbt (1931), San Angelo, Tex. 
Theodore A. Link (1931), Calgary, Can. San Antonio: 
oor Chas. H. Row (1931), San Antonio, Tex. 
H. D. Miser (1930), Washington, D. C. Shreveport: 
S. P. Borden (1931), Shreveport, La. 
ili Storm (1930), Dallas, Tex. South America: 
R.E. Dickerson (1931), Maracaibo, Venezuela,S. A. 
<_< C. Clark (1930), Ponca City, Okla. Tulsa: 
Fort Worth: A. W. Duston (1931), Tulsa, Okla. 
H. B. oo (1931), Fort Worth, Tex. A. I. Levorsen (1931), Tulsa, Okla. 
om Lake: Wichita: 
A. C. “Trowbridge (1931), Iowa City, Iowa Marvin Lee (1931), Wichita, Kan. 
Houston Wichita Falls: 
J. M. Vetter (1931), Houston, Tex. C. W. Clark (1930), Wichita Falls, Tex. 
Mexico 
Ss. A. Grogan (1931), Tampico, Mex. Donald C. Sates (1931), Houston, Tex. 
New York: Alexander Deussen (1931), Houston, Tex. 
H. % Wasson (1931), New York, N. Y. Alex W. McCoy (1931), Ponca City, Okla. 


PACIFIC SECTION 
(Chartered, March, 1025) 
RALPH D. REED, President, 1110 Glendon Way, South Pasadena, California 
H. K. ARMSTRONG, Secretary-Treasurer, 453 Roosevelt Building, Los Angeles, California 

Membership is restricted to members of the A.A.P.G. in good standing, residing in the Pacific Coast states. Dues 
of $2.00 per year are payable to the secretary-treasurer of the Pacific Coast Section. Members of the A.A.P.G. 
transferring to the Pacific Coast are cordially invited to become affiliated with the local section, and to communicate 
their change of address promptly to the secretary-treasurer of the Pacific Section. 


SAN ANTONIO SECTION 
(Chartered, April, 1929) 
D. R, SEMMES, President, 1601 Milam Building, San Antonio, Texas 
ED. W. OWEN, Secretary-Treasurer, 1015 Milam Building, San Antonio, Texas 


Membership is limited to persons who are eligible to membership in the American Association of Petroleum Geo- 
ogists. Annual dues: $2.50. Annual meeting: the last Friday in February. 


MARACAIBO SECTION 
(Chartered, April, 1930) 
J. B. BURNETT, President, Lago Petroleum Corporation, Maracaibo, Venezuela 
P. E. NOLAN, ‘Secretary, Venezuela Gulf Oil Company, Maracaibo, Venezuela 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND PERALOGISTS 
(Affiliated, March, 1928; chartered, technical division, April, 1930) 
JOSEPH A. CUSHMAN, President, Sharon, Massachusetts 
GAYLE SCOTT, Secretary-Treasurer, Texas Christian University, Fort Worth, Texas 
The Society issues a quarterly, the Journal of Paleontology, RAYMOND C. MOORE, Editor, University of Kan- 
we Lawrence, Kansas. Membership application forms and back numbers of the Journal may be obtained from 
A. A. P. G. Headquarters, Box 1852, Tulsa, Oklahoma. 


3 
| 


BULLETIN 


of the 


AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


Volume 14 MAY 1930 Number 5 
CONTENTS 
DETERMINATION OF GEOTHERMAL GRADIENTS IN OKLAHOMA 535 
By Joun A. McCutTcHIn 


By GeorGe A. MACREADY 


ACCURACY OF BORE-HOLE SURVEYING BY ORIENTATION FROM THE SURFACE 579 
By R. P. McLauGHLIn 


CROOKED-HOLE PROBLEMS IN THE GULF COAST DISTRICT. . . . ... 595 
By P. C. Murpny and Sipney A. JuDSON 


GEOLOGICAL NOTES 


How Old Is Petroleum Geology? J.V.Howell . . 607 
Ordovician Age of the Producing Horizon, » Big Lake Oil Field, Reagan County Texas, B. H. 
Harlion . 616 
Silurian at Big Lake, s. W. Lewmen 618 
Minnelusa of Black Hills of South Dakota, Glenn S. Dillé . . teks 619 
Early Paleozoic Stratigraphy of Wichita Mountain Uplift, Oklahoma, lee H. Cm A 4 623 
Discoloration of Sediments by Bacteria, Quentin D. Singewald and F. M. Van Tuyl . 626 
Structure of Typical American Oil Fields, Sidney Powers we. ew CO 628 
DISCUSSION 
Injustice of nee Citations. Reply to Discussion by R. T. Chamberlin, Theodore 
RESEARCH NOTES 
Crooked-Hole Report, F.H.Lahee. . . . . . . 635 
REVIEWS AND NEW PUBLICATIONS 
The Saline Springs of Rio Salado, John D. Clark (Charles T. Kirk)... , 639 
Insoluble Residues as a Guide in Studies, H. S. H. Cram) 640 
Recent Publications .. 641 
THE ASSOCIATION ROUND TABLE 
Membership Applications Approved for Publication .. 645 
Fifteenth Annual Meeting of the American Association of Petroleum Geologists, Roosevelt 
Hotel, New Orleans, Louisiana, March 20-22,1930. . . . . . . . 647 
Minutes of Business Meeting . . . . 658 
MEMORIAL 
Irving V. Augur, Walter A. English 681 
AT HOME AND ABROAD 
Current News and Personal Items of the Profession . . . . . . 683 


4 
a 
3 
4 
& 


3 
1 


Bulletin of The American Association of Petroleum Geologists, May, 1930 


Articles Scheduled for 
Publication in the 
June Bulletin 


Geology of Prospective Oil Terri- 
tory in Republic of Turkey 
By SHIRLEY L. MASON 


Origin of Oil and its Reservoir in 
Yates Pool, Pecos County, Texas 
By JOHN EMERY ADAMS 


Deep Sand Development at Barbers 
Hill, Chambers County, Texas 
By P. C. MURPHY and SIDNEY A. JUDSON 


Dixie Oil Pool, Caddo Parish, Louis- 
lana 
By H. K. SHEARER and E. B. HUTSON 


Ancestral Rocky Mountains 
By WALTER A. VER WIEBE 


| 
| 
| 
| 
2 


Volume 14 Number 5 


BULLETIN 
of the 


AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


MAY 1930 


DETERMINATION OF GEOTHERMAL GRADIENTS IN 
OKLAHOMA’ 


JOHN A. McCUTCHIN? 
Norman, Oklahoma 


ABSTRACT 


The American Petroleum Institute is carrying on an extensive investigation of 

the geothermal gradients in the oil fields of California, Texas, and Oklahoma, the 

urpose of which is to determine the possibility of using temperature data for the 
ocation of future oil pools. 

Temperature surveys have been made in approximately one hundred fifty wells 
located in twenty-four separated fields. As a whole, these data seem to indicate that 
the isothermal surfaces are related to the proved anticlines and oil-bearing areas and 
to the regional dip of the geologic formations across the state. The variations within 
the individual fields are ordinarily small but measurable and uniform, although the 
variations from area to area are large. This paper is concerned with the data col- 
ected in Oklahoma and the conclusions therefrom. 


INTRODUCTION 


The American Petroleum Institute, with the aid of funds donated 
by John D. Rockefeller, has been carrying on this work as a full time 
project since June 1, 1928. During this time approximately one hun- 


"Read before the Association at the New Orleans meeting, March 21, 1930. Man- 
uscript received by the editor, February 22, 1930. 

This paper contains preliminary results obtained in an investigation on the de- 
termination of geothermal gradients in oil fields located on anticlinal structures in 
Oklahoma, listed as Project 25-A of American Petroleum Institute Research. Finan- 
cial assistance in this work has been received from a research fund of the American 
Petroleum Institute donated by John D. Rockefeller. This fund is being administered 
by the Institute with the codperation of the Central Petroleum Committee of the 
National Research Council. 


?American Petroleum Institute research fellow. 
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dred fifty wells located in twenty-four fields in Oklahoma have been 
tested. The writer wishes to thank the members of the Central Pe- 
troleum Committee and of the National Research Council for permission 
to publish this progress report. He is also indebted to Charles N. Gould,' 
director of the project in Oklahoma, for assistance, supervision, and 
direction; and to C. E. Van Orstrand for valuable suggestions in the 
collection of data and interpretations of results. 


DESCRIPTION OF METHODS AND APPARATUS 


The “Van Orstrand method” of measuring temperatures in deep 
wells, developed and used successfully for 10 years by C. E. Van Orstrand 
of the United States Geological Survey, has been closely followed in the 
collection of these data. This method involves the lowering of ther- 
mometers, by means of piano wire, into the wells, and taking readings at 
250-foot intervals. Although a detailed description of this apparatus 
and method has been published,? a summary of the method is given 
here for the convenience of the reader. 

The thermometers used are mercury-in-glass thermometers of the 
maximum type, specially constructed with very small constrictions so 
that they will not be shaken down easily when being retrieved from 
great depths. Three thermometers in a single container are lowered to 
each point where an observation is to be made and the average reading 
of the three is taken as the temperature of the rocks at that point. Each 
set of thermometers is so selected as to include one thermometer which 
is much more difficult to shake down than the other two, in order to guard 
against inaccurate observations caused by the thermometers being shaken 
down as they are withdrawn from the well. If the thermometers receive 
excessive bumps while coming out of the well, the one with the smaller 
constriction will remain up and show a higher temperature than the other 
two, and the reading must be duplicated. 

Each well is tested as though a laboratory experiment were being 
carried out and no effort is spared to make the observations highly ac- 
curate. The thermometers are constructed accurate to 0.2° F. and are 
read to o.1° by means of a thermometer-reading telescope. At least 
one new thermometer is run with each set of three in order to insure 
against the low and inaccurate readings shown by thermometers which 
have been in use for some time, and when any thermometer is observed 


‘Director, Project 25-A. 


2C. E. Van Orstrand, “Apparatus for the Measurement of Temperatures in Deep 
Wells by Means of Maximum Thermometers,” Econ. Geol., Vol. 19 (1924), pp. 229-48. 
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to read as much as 0.3° low, consistently, it is discarded. The depth- 
temperature curve is plotted in the field on a large scale for each well, 
and when any observation is seen to fall off the smooth curve, the reading 
is duplicated. With this type of apparatus it is believed that an accu- 
racy within 0.2°-0.3° F. can be maintained. 

The machine used to lower the thermometers into the well is hand 
operated. It consists of a steel frame and measuring wheel which accu- 
rately records the depth in feet. A reel about a foot in diameter and 3 
inches across the face is provided for spooling the piano wire. The reel is 
equipped with two handles for winding the thermometers out of the well, 
and a brake to facilitate lowering them into the well. The machine 
proper is mounted on a four-legged stand and guyed to the derrick floor 
by means of turnbuckles to prevent vibration as the thermometers are 
raised and lowered. The total weight of this machine, including 6,000 
feet of piano wire, is approximately 75 pounds. 

The thermometers are enclosed in perforated brass tubes for readings 
which are taken in air, and are left suspended for an hour and a quarter 
at each point where an observation is made. For readings to be taken 
below the fluid level in a well, the thermometers are placed in sealed 
steel tubes which protect them from the fluid pressure, and are 
left suspended in the fluid 45 minutes. Observations are made at 
100 feet and every 250 feet thereafter nearly to the bottom of the 
well, thus obtaining a temperature survey of each well. This type of 
apparatus is satisfactory for measuring temperatures in wells down 
to depths of approximately 4,500 feet if the wells are straight and the cas- 
ing free from foreign material, but is not well adapted to measuring tem- 
peratures in wells which are crooked or have considerable paraffine, 
scale, or heavy rotary mud inside the casing. The average time for 
completing a 3,000-foot test is a day and a half. 

Where a temperature of 60° F. is found at 100 feet and a tempera- 
ture of 100° F. at 1,500 feet, as is the condition in many wells, it might be 
expected that circulation of the air and fluid inside the casing would 
seriously affect the temperatures at the shallower depths, but observa- 
tions indicate that this is not the fact. 

If any appreciable circulation takes place in a well, it seems reason- 
able to expect that the circulation in the air will be different from 
that in the fluid, and that the observations made immediately above 
the fluid level will not align well with those made in the fluid. If 
the well is not making gas, it is impossible to locate the fluid level by 
examining the depth-temperature curve. Nevertheless, if the well is 
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making only a very small amount of gas either around the casing or 
through it, the fluid level is easily located by noticing the sharp bend in 
the depth-temperature curve as it passes from the part of the well con- 
taining fluid to that part containing air. These observations indicate 
that it is not necessary to use any apparatus either above or below the 
thermometer containers to prevent circulation in the well. 


WELLS SUITABLE FOR TEMPERATURE TESTS 


One of the chief difficulties of the problem in Oklahoma has been 
the location and availability of wells which are suited for temperature 
tests. As a rule, the wells which have been drilled with rotary tools 
are the most unsatisfactory wells in which to make temperature obser- 
vations. The circulation of the rotary mud in the wells so disturbs 
the temperature distribution in the formations surrounding the hole 
that the well must remain idle for a considerable time before reliable 
temperature data can be obtained, the length of time depending principally 
upon the length of time the rotary mud has been circulated. In the 
Oklahoma City field, where the drilling time is approximately 125 
days, a well which had been idle 30 days was found to be in temperature 
equilibrium, although one well was tested which had been idle 24 days 
and yet was out of temperature equilibrium. The period of 10 days 
allowed for running the casing and giving the cement time to set is 
not sufficient for the wells which have been drilled with rotary tools 
to return to temperature equilibrium. Wells which are making even 
a small amount of gas either through the casing or around it, wells 
which have been swabbed recently, or have pumped large quantities 
of fluid recently, also are not suitable wells in which to make tempera- 
ture observations. 

Temperature tests may be made in wells drilled with standard tools 
at any time the tools are out of the well. Temperature observations 
should not be made near the bottom of drilling wells, because the action 
of the drill may produce an abnormally high temperature at this point. 
Nothing significant or important is to be gained by bottom-hole tem- 
peratures. When a temperature survey of the well has been made, in- 
cluding readings every 250 feet in the well from the top to a depth 
within 100 feet of the bottom, it is easy to estimate the temperature at 
the bottom within o.5° F. Any well more than 1,000 feet deep which 
has been temporarily abandoned and is not making casinghead gas, or 
any drilling well where the standard-tool method of drilling is being 
used, is ordinarily a reliable source of temperature data. 
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An attempt was made to take temperature observations in 2-inch 
core-drill holes in Jefferson County, Oklahoma. The thermometers eagle” 
were run into the well immediately after the¥core-drill rods had been ie. 4 
withdrawn, but due to the circulation of the mud during drilling, the : 
holes were not in temperature equilibrium. Several holes were visited 
after they had been idle 7 days, but were found to have caved in. This 
suggests that if temperature observations are to be made in core-drill 
holes in soft, unconsolidated sediments, the holes will have to be tubed. 
With the present type of apparatus 11-inch tubing would suffice. 


DEPTH-TEMPERATURE CURVES 


Figure 1 shows a depth-temperature curve taken from a deep well 
in the Tonkawa field. Depth-temperature curves representing wells ia P 
which are in temperature equilibrium may, for all practical purposes, be | Ss 
considered as straight lines. However, when a close examination is ; 
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made, the curves are seen to be slightly curved at the shallower depths, 
the curvature increasing with increasing depth. In general, the curves 
from all fields where tests have been made except the curves from the 
El Dorado and the Florence fields in Kansas, have shown this tendency. 
The curves from these fields are the only curves which have shown a 
decreasing slope increasing with depth. This suggests that the under- 
lying granite ridge, which is known to exist beneath these fields at shal- 
low depths, has affected the temperature distribution in the overlying 
rocks and has caused this exceptional type of depth-temperature curve. 

When depth-temperature curves are extended back to the temper- 
ature axis, that is, the surface of the ground, they are seen to intersect 
this axis slightly above the mean annual air temperature of the area 
where the well is located, the mean annual air temperature being inter- 
polated between the nearest United States Weather Bureau stations. 
For wells located in Oklahoma and Kansas this excess of soil tempera- 
ture over air temperature varies from 1° to 4° F. A depth-temperature 
curve indicating an excess of soil temperature over air temperature of 
more than 4° is an excellent indication that the well is not in temperature 
equilibrium; therefore, the data from the well should be questioned. 

The depth-temperature curves made for some fields have shown a 
slight irregularity at a certain depth. The fact that all the curves taken 
from these fields show that tendency indicates that it is a real reflection 
of an exceptional heat distribution rather than the result of errors of 
observation. Accordingly, the logs of several wells were examined and 
it was found that a water sand was recorded in some wells at approxi- 
mately this depth, and in others a showing of gas was reported. Several 
wells were investigated where the log failed to indicate the explanation 
for the irregularity. It is believed that considerable valuable information 
is forthcoming when all the depth-temperature curves which are now 
available are plotted alongside of the logs of the wells. 


SHALLOW TEMPERATURES 


By far the most important temperature data in a well are to be 
obtained from the first 1,000 feet. If the well is out of temperature 
equilibrium in any way, the shallow temperatures reflect it to a larger 
extent than the deeper temperatures. The lowest temperature in a well 
is to be found near the 10o-foot point and is not materially changed 
from season to season during the year. If any circulation caused by gas 
or by operating conditions has taken place in the well recently, the shallow 
temperatures are too high, bringing the upper part of the depth-tem- 
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perature curve much above what it should be. Since the shallow tem- 
peratures act as a guide to the reliability of the data from the entire 
well, they should be given careful consideration by anyone endeavoring 
to correlate temperature data from well to well or area to area. The 
temperature at 100 feet is dependent directly on the mean annual air 
temperature of the area where the well is located, and corrections should 
be made for this condition if comparisons are made between areas dif- 
fering in mean annual air temperature. 


EXPLANATION OF CROSS SECTIONS 
(FIGURES 2 AND 3) 


Figure 2 shows the variation in depth to the 80°, go°, and 100° F. 
isothermal surfaces from a point between Sapulpa and Tulsa, to Crom- 
well-Franklin’s Thompson No. 1 well, located just north of Oklahoma 
City. Figure 3 shows a similar cross section except that the line of the 
cross section in this figure is taken more nearly at right angles to the 
strike of the formations. Figure 8 shows the location of the fields in 
which tests have been made in Oklahoma. The line A-A in Figure 8 
represents the line of the cross section appearing in Figure 2 and the 
line B-B represents the line of cross section appearing in Figure 3. The 
broken line in Figure 8 is the general regional strike of the formations 
in this section of Oklahoma based on the Belle City-Dewey limestone 
outcrops. 

Two rather significant facts are suggested by these cross sections. 
The isothermal surfaces dip rapidly and uniformly toward the west, 
and converge toward the east in this section of Oklahoma. The 100° 
isothermal surface is only approximately 1,500 feet deep near Tulsa, 
although this surface is more than 4,000 feet deep near Oklahoma City. 
The 80° isothermal surface is only about 750 feet from the 100° surface 
near Tulsa, whereas it is more than 2,000 feet above this same surface 
in the Oklahoma City well. 

The cross section shown in Figure 3 is taken more nearly at right 
angles to the strike of the formations, and the isothermal surfaces dip 
more uniformly in this cross section than they do in Figure 2. So far as 
temperature data have been obtained in Oklahoma to date, the farther 
east and northeast a well is located, the higher the temperature at any 
depth, and the nearer the surface of the ground the isothermal surfaces 
are found. The depths to the isothermal surfaces appearing in Figures 
2 and 3 are influenced to some extent by the variations within the in- 
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dividual fields, which may account for the irregularity of the depths to 
these surfaces. 

It is considered rather remarkable that the regional dip of the for- 
mations in this area so closely parallels the dip of the 100° isothermal 
surface. The gradient varies from 1° in 107.0 feet for the wells located 
near Oklahoma City, to 1° in 36.5 and 40.0 feet for wells located near 
Tulsa and Okemah. This variation is so pronounced that core-drill 
holes 1,500 feet deep across the area would have clearly indicated it. 

As to the reason for this variation, several possibilities are suggested. 
It is generally agreed that the sediments of northeastern Oklahoma have 
been more deeply buried, consequently are now more compact and have 
a higher density than the sediments now found at the same depths 
farther west. It is also known that the depth to the pre-Cambrian gran- 
ite is much less in the northeastern part of Oklahoma than it is in the 
central part. It has been suggested that perhaps the rocks, having 
different rates of heat conduction parallel with the bedding rather than 
across it, now manifest that property in the present heat distribution. 
Chemical reaction and the circulation of ground water through the gently 
tilted sediments have their possibilities and should be given consideration. 

The fact that the depth-temperature curves for the wells indicate 
that the average surface temperature of soil is always 2°-4° F. higher 
than the mean annual air temperatures should have a rather significant 
bearing on any explanation which is selected. If the mean annual air 
temperature is lower than the mean annual soil temperature, there will 
be a heat flow from the soil into the atmosphere, which indicates that 
the earth’s internal heat is in a kinetic state and not a static state, and 
that there is a heat flow from every point of higher temperature within 
the earth to some adjacent point of lower temperature. Any reason or 
group of reasons chosen to explain these variations should incorporate 
the foregoing indication. 

More time has been spent in the collection of accurate data on this 
problem in Oklahoma up to the present than has been devoted to seeking 
an explanation for the various suggestions which these data seem to 
offer. The writer does not consider that enough data have been collected 
to permit a very reliable or probable explanation at present. 


EXPLANATION OF TABLE I 


Table 1 shows the variations in the gradients, computed in terms 
of feet per degree F., for the fields where tests have been made. Asa rule, 
the higher gradients are obtained from wells located near the edges of 


4 
a 
A 
q 
{ 
q 


GEOTHERMAL GRADIENTS IN OKLAHOMA 545 


the fields and the lower gradients from wells located near the 
centers of the fields. It is to be understood that the larger the gradient 
in feet per degree, the lower the temperature at any depth in a well. 


TABLE I 

Number Maximum Minimum Average 
Field of Wells Value of Value of Value of 

Tested Gradient Gradient Gradient 
4 149.0 79.2 116.6 
10 80.4 55-5 64.5 
3 48.9 47.5 48.2 
10 58.7 47-5 47.8 
El Dorado, Kan........... 20 57-5 47-7 51.0 
II 54.3 49.5 51.8 
4 121.5 110.2 114.3 
4 44.6 30.2 42.4 
19 43-9 36.5 39.8 
5 47-5 39.8 43-7 
Per ee I 41.2 41.2 41.2 
I 42.7 42.7 42.7 
2 44.7 44.4 44.5 
See 4 69.2 66.0 67.4 
II 67.0 45-7 
Florence, Kan............. 8 66.3 58.4 62.9 
5 64.0 52.6 57-9 
8 50.0 45.0 47-5 
Oklahoma City........... 3 110.6 102.7 106.9 


93.8 73.6 82. 
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EXPLANATION OF FIGURE 4 


The solid contours show the structure of the Garber field as revealed 
by drilling to the Layton sand contoured on a 50-foot interval. The 
broken lines are drawn on the 80° F. isothermal surface; a 25-foot interval 
is used. The wells which have been tested are plotted with their assigned 
numbers above the well locations and the depths to the 80° isothermal 
surface at the right of the well locations. 

Although only four good tests were made in this field, they were 
well located with respect to the structure and show that the isothermal 
surfaces could be used to outline the general trend of the structure. It is 
to be noticed that the Layton sand is approximately 3,600 feet deep in 
this field and that the 80° isothermal surface is only approximately 1,000 
feet deep. The closure is much more on the Layton sand than on the 80° 
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isothermal surface, but had the 100° isothermal surface been chosen, 
this surface would coincide more nearly than the shallower 80° surface 


does. 
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*As a result of imperfect notations on the original drawing, two incorrect numbers 
appear in Figure 4. In the upper right corner of the central square “2100” should 


be 2400; in the square below, “2000” should be 2600. 
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EXPLANATION OF FIGURE 5 
The solid contours shown in Figure 5 are drawn on top of the Crom- 
well sand by the use of a 40-foot interval and are taken from the U. S.. — “ 


Bureau of Mines report on that field... The broken contours are drawn 
on top of the 100° F. isothermal surface, a 20-foot contour interval being 
used. The structural difference in wells tested is about 150 feet and the 
difference in the depth to the 100° isothermal surface is about 100 feet. 
An interesting suggestion is presented by comparing the depth to the 
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1C. O. Risen and John R. Bunn, “Petroleum Engineering in the Cromwell Oil 
Field,” U. S. Bur, Mines Rept. (December 1, 1924). 
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isothermal surface in the well located in Sec. 9, T. ro N., R. 8 E. with 
the depth to the same surface in the well located in Sec. 15, T. 10 N., R. 
8 E. Risen and Bunn, in their report, suggested the presence of a fault 
with 200 feet displacement striking west of north and passing through 
the east half of Sec. 15, T. 10 N., R. 8 E. The difference in the depth 
to the 100° isothermal surface in the two wells is about 230 feet. This is 
the only evidence on record on this problem relating to faults in Okla- 
homa and their influence on the temperature distribution in the adjacent 
rocks. 

An isolated well, not shown in Figure 5 but located approximately 
5 miles southwest of the west edge of the area mapped, showed a marked- 
ly lower temperature than wells located in the Cromwell field proper, 
Whether the small bubbles of gas which came out of the casing at inter- 
vals caused enough circulation in the fluid to raise the value of the gra- 
dient from about 1° F. in 47.8 feet (the average for wells located within 
the field) to 1° in 58.8 feet (the gradient in this well) is a question which 
can not be answered until more data are collected under more nearly 
ideal conditions. The depth-temperature curve for this well indicates 
that it is in temperature equilibrium. 


EXPLANATION OF FIGURE 6 


Figure 6 shows the location, the depth to 100° F., and the gradient 
for three wells located on the Haverhill, Kansas, sand lens. The dotted 
line represents the approximate limit of the productive part of the lens. 
Wells 32 and 33 were tested when the casing was being cemented, and 
although they had been idle only 3 days, they were found to be in 
temperature equilibrium. All three of the wells were drilled with stan- 
dard tools. Only a showing of gas was encountered in well 31, although 
wells 32 and 33 were later drilled down and made good producers. The 
100° F. isothermal surface is seen to drop about 1oo feet from the pro- 
ducing wells to the dry hole, though the values of the gradients are a 
little less for the producing wells than for the dry hole. This information 
supports the less reliable indications obtained from the Glenn pool, 
Oklahoma. 

EXPLANATION OF FIGURE 7 


The structural contours shown by the solid lines in Figure 7, taken 
from the Kansas Geological Survey Bulletin 7, are drawn on top of the 
Fort Riley limestone, which is the formation exposed in the area. In 
general, the surface structure of the field agrees with the subsurface 
structure, the main difference being that the subsurface dips are steeper. 
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FIG. 6. 
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This field is located on what has been termed a “buried granite ridge” 
which extends intermittently from southern Nebraska across Kansas 
and has been traced into northern Oklahoma. The depth to the granite 
in the shallowest part of the field is about 3,000 feet. The broken con- 
tours are drawn on the 100° F. isothermal surface, a 50-foot contour 
interval being used. 

Figure 7 indicates a marked agreement of temperature variation 
with geologic structure in the El Dorado, Kansas, field, the geothermal 
“highs” occurring slightly west of the structural “highs.” It should 
also be noticed that the geothermal “highs” coincide with the most 
prolific areas. More data in this area might bring isothermal “highs” 
closer to the crests of the domes. The isothermal surfaces in this field 
show steeper dips than do the geologic structures. 


VARIATIONS IN OKLAHOMA AND KANSAS FIELDS 


Temperature observations have been made in twenty-four fields in 
Oklahoma and Kansas. Because the only wells that were available for 
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testing happened to be temporarily abandoned at the time the fields 
were visited, the data from most of these fields are too meager to permit 
conclusions to be drawn regarding the variation of temperatures with 
geologic structures. However, it is interesting to notice that in only two 
or perhaps three fields have the data collected tended to disagree with the 
findings of Van Orstrand’s previous work in the Wyoming and California 
fields." 

One well tested near the edge of the Wewoka, Oklahoma, field 
showed a slightly higher temperature at certain depths than a well which 
was located near the center of the field and structurally higher. It is 
possible that when more wells are tested in this field, the result will 
show that one or both of these wells might have been out of temperature 
equilibrium in some way or that the holes were so crooked as to permit 
an error in the vertical depth sufficiently large to overcome the indicated 
anomaly in the depths to the isothermal surfaces. Only two wells were 
available for testing when the field was visited, and more than two wells 
in a field are necessary before a conclusive decision can be made regarding 
the variation. 

The data collected from eleven wells in the Tonkawa, Oklahoma, 
field also failed to show an agreement of temperature variation with 
geologic structure. This field produces oil and gas from four sands, 
and the wells are located four to the location. Considerable casinghead 
gas is taken from the wells and considerable fluid pumped from the sev- 
eral producing sands every day. This might be a contributing factor 
in explaining the fact that the geologic structures do not coincide to any 
great extent with the temperature variations in this field. It was of 
interest to observe that the depth-temperature curves showed no devia- 
tion from the normal at the depths corresponding with the position of 
the producing horizons. This indicates either that the oil-bearing strata 
do not have higher temperatures than the adjoining rocks, or that the 
circulation of the fluid and gas here has obliterated the traces. It has 
been suggested that the temperature in the wells tested at Tonkawa 
reflect a structure at a greater depth than has been revealed as yet by 
the drill, that perhaps there is an uplift in the Arbuckle limestone which 
is not reflected in the structure of the “Wilcox” sand.? In general, the 
data collected at Tonkawa illustrates the importance of collecting tem- 
perature data before the fields have produced oil and gas. 


?C. E. Van Orstrand, “Some Evidence on the Variation of Temperatures with 
Geologic Structure in Wyoming and California Fields,” Econ. Geol., Vol. 21, No. 2 
(March-April, 1926), pp. 145-65. 

2K. C. Heald, “Determination of Geothermal Gradients,” Oil and Gas Jour. 
(December 5, 1929). 
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Fic. 8.—Map of a part of Oklahoma showing the location of fields where tests have been made. The solid 
lines A-A and B-B are the lines of cross section of Figures 2 and 3. The dotted line shows the regional strike of 
the geologic formations based upon the Dewey-Belle City limestone outcrops. Width of area of map, 144 miles. 
Base map from U. S. Geological Survey. 
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A dry hole located outside the field proper and a well located near 
the center of the Oklahoma City field showed approximately the same 
temperatures at corresponding depths from the top of the hole to the 
4,000-foot level. This seeming exception to the general rule is of interest, 
as these observations were made before an appreciable amount of oil 
or gas had been produced from the field, and suggests the possibility 
that if the tests had been made in all the fields before they had produced 
any oil or gas, no variation would have been found. 

In all the other fields where tests have been made, the structures 
are revealed to a larger or smaller degree. In the Cromwell, Garber, and 
El Dorado, Kansas, fields the temperature variations are seen to define 
the geologic structures fairly well. 


OTHER USES FOR TEMPERATURE DATA 


Petroleum engineers of the major oil companies are finding new and 
important uses for the accurate temperature data which are being col- 
lected in Oklahoma. Recently a well in the Oklahoma City field was 
allowed to blow open, producing 60,000,000 cubic feet of wet gas and 
1,000 barrels of gasoline. The State Corporation Commission wished to 
know whether this well was a gas well or an oil well according to the legal 
definition. Knowing the composition of the gasoline, the pressure at 
the casinghead, and the temperature at the bottom of the well, they were 
able to compute the quantity of gasoline which would remain in the liquid 
state under these conditions. It was decided that more than half the 
gasoline was liquid in the sand and that the remaining part was being 
made during the expansion of the gas in the gas trap. 

Other engineers wish to know the temperature of the producing sand 
so that they may compute the volume which the injected gas will occupy 
when a re-pressuring program is to be started. In making acid-bottle 
tests for straightness of the hole, the viscosity and surface tension of the 
acid is dependent to a large extent upon the temperature. When the 
temperature is known, and a correction applied for it, more accurate 
angle readings can be made. 

Certain designs of pumping equipment, particularly those using a 
steel plunger, are affected by the operating temperature. When the 
bottom-hole temperature is known, the necessary clearance may be more 
accurately determined, thus adding to the efficiency of the pump. 

A rotary drilling contractor, drilling a well in Coal County, Okla- 
homa, found that at a depth of 7,100 feet the rotary mud became so hot 
as to cause serious warping of the mud-pump rubber valves. Had a 
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temperature survey of the first 1,000 feet of this well been made, or of a 
well located in this area, the temperature could have been accurately 
predicted and another type of valves could have been installed without 
loss of time. 


SUMMARY AND CONCLUSIONS 


Although the data thus far collected on this problem in Oklahoma 
are by no means sufficiently complete to permit other than preliminary 
conclusions to be drawn, as a whole they do tend to support the general 
premise that the anticlines which have been productive of oil and gas 
have higher temperatures at specified depths than the areas surrounding 
these anticlines and productive areas. 

The variations within the individual fields are ordinarily small but 
measurable and fairly uniform. The variations from area to area are 
large and seem to bear a relation to the regional dip of the formations. 
This latter variation is so pronounced that all the data as yet collected 
support it. 

Due to the nature of the work, which involves the location and test- 
ing of idle wells, most of the data have been collected near and within 
the fields proper and very few tests have been made in dry holes located 
between the fields. This gives the problem a-one-sided aspect, as it is 
impossible to know that geothermal anticlines do not exist where no 
true geological anticlines are to be found. 

An interesting possible explanation for the variations within the in- 
dividual fields is suggested by examining the available data. The anti- 
clines which have been the most productive of fluid, either oil or water, 
show the largest and most uniform variations in temperatures at spec- 
ified depths. It is possible, therefore, that the removal of large quanti- 
ties of water and oil from the higher parts of the structures has permitted 
the warmer fluid from the greater depths, either down the dip of the for- 
mations or within the formations, to rise in the sands and occupy the 
pore spaces of the cooler rocks. It seems possible, therefore, that the 
abnormally high temperatures which are present now in the rocks over 
the anticlines may be due to this circulation, and that, if tests had been 
made in these wells before any fluid had been removed, no variations 
in temperature would have been found. This idea is supported by ob- 
servations made in flowing wells where petroleum engineers have noticed 
that the temperature of the flowing oil increases with the age of the well. 
It is also supported by the fact that observations made in the Oklahoma 
City field before an appreciable amount of fluid had been removed from 
the field failed to show a marked variation in temperature with structure. 
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However, the tests which have been made in a few wells located in 
the non-productive areas indicate that these wells have rather markedly 
lower temperatures at specified depths as compared with the temperatures 
in wells located within the adjacent fields. In most places the data from 
the first 1,000 feet of the isolated well would have indicated an abnormally 
low temperature throughout the entire well. 

As a whole, the results obtained in Oklahoma to date on this project 
are neither consistent nor inconsistent enough to justify any general 
conclusions as to the outcome of the project. The results do indicate 
that the problem is not simple and that it will probably be solved by the 
collection of additional, accurate data in the fields and in non-productive 
areas, supplemented, perhaps, by some careful work on the heat-conduct- 
ing properties of sedimentary rocks in a well equipped laboratory. Par- 
ticular attention should be given to the collection of data from fields 
which are being developed, so that more data will be available from areas 
where there is no possibility that the operating conditions have influenced 
them. 

DISCUSSION 


W. T. Tuo, Jr., Princeton, New Jersey: It is indeed gratifying to learn 
from Mr. McCutchin’s paper that his study of earth temperatures in Oklahoma 
wells has further demonstrated the practical utility of Van Orstrand’s method 
of measuring earth temperatures, and has indicated a rise and convergence of 
isogeothermal surfaces above structural uplifts such as have been observed in 
western fields. 

It is greatly to be hoped that Mr. McCutchin’s work, or a similar study, 
will be continued, as it obviously affords an indirect but nevertheless effective 
approach to many of our problems of earth deformation and of oil migration 
and accumulation, as well as to other problems of major geologic interest. Mr. 
McCutchin’s work has evidently been done with great care and effectiveness, 
and is a contribution of real importance to our data of geophysics. 

My single regret in connection with his report is that his cross sections 
(Figs. 2 and 3) do not show the position of key strata as well as the depth to 
particular isogeothermal surfaces, and that he apparently hesitated to under- 
take a more exhaustive analysis of the significance of the results described, 
and of the geologic factors probably entering into earth-temperature distribu- 
tion. In view of the broad geologic interest of this study, an analysis? of the 
causes of variations in earth temperature gradients is here quoted. 


?C. E. Van Orstrand, “Some Evidence on the Variation of Temperature with 
Geologic Structure in California and Wyoming Oil Districts,’ Econ. Geol., Vol. 21 

W. T. Thom, Jr., “Relation of Earth Temperatures to Buried Hills and Anti- 
clinal Folds,’ Econ. Geol., Vol. 20 (1925), pp. 524-30 


2W. T. Thom, Jr., “Inhomogeneities in the Earth or Atmosphere which May 
Cause Irregularities in Isogeothermal Surfaces in the Earth’s Crust,” unpublished 
manuscript submitted on February 28, 1929, at request of E. A. Eckhardt, for pub- 
lication by the Division of Physical Science of the National Research Council. 
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INHOMOGENEITIES IN THE EARTH OR ATMOSPHERE WHICH May Cause Ir- 
REGULARITIES IN ISOGEOTHERMAL SURFACES IN THE EARTH’S CRUST 


A. REGIONAL 


1. Distribution due to radioactive minerals—An irregular distribution of 
radioactive minerals in the earth must induce corresponding irregularities in local 
rates of heat evolution by radioactive disintegration. 

2. Irregularity of planetesimal or molecular condensation.—Irregularities in 
the rates of planetesimal or molecular condensation within the earth also must 
induce corresponding irregularities in local rates of heat evolution. 

3. Subcrustal rock flowage-—The subcrustal transfer of matter (by rock 
flowage) from beneath troughs of deposition to beneath near-by geanticlinal 
regions of denudation, induces frictional heating in the plastic rock. This process 
should induce arching of isothermal surfaces under the uplifted regions and a 
downwarping of the surfaces in the depression. 

4. Subaerial and submarine climatic differences ——The notable differences in 
mean annual temperatures now existing between equatorial and polar regions 
and between continental and subsea or suboceanic areas, necessarily are reflected 
in local depth-temperature observations. 

Moreover, past variation in geologic climate, in the distribution of land and 
water, and in atmospheric and oceanic circulation, introduce time as well as space 
factors into the relation between climatic and earth-temperature relations. 

5. Properties of different types of rocks—Different types of rocks are pre- 


dominant in the outer crust of the different parts of the earth, certain regions 


being surfaced by a prevailing type of rocks,—basic, or acidic, or metamorphic, or 
sedimentary. These different types of rocks almost certainly have different 
heat conductivities. Consequently some regions may show characteristic varia- 
tions from the average crustal temperature distribution. 

6. Tectonic deformation—The compressional deformation of'the rocks of a 
region will necessarily subject them to frictional heating. Therefore dissimilari- 
ties in the time, or degree, of local tectonic deformations will produce correspond- 
ing differences in heat distribution in the crust. 

Likewise, where radial movements have prevailed, the rocks of uplifted re- 
gions, being rendered more porous under release of pressure, may be less effective 
as heat conductors; whereas rocks undergoing downwarp and burial will be heated 
in consequence of the induced compression they must endure. 


B. LOCAL 


1. Topographic relations —Rocks beneath a mountain range or ridge lose 
heat more rapidly than rocks beneath adjacent plains or valleys: (a) because 
subjected to a lower mean annual temperature; (b) because they possess a rela- 
tively greater radiating surface per unit of volume; (c) because chilling by down- 
ward meteoric circulation extends deeper beneath a ridge than beneath a lowland, 
due to the configuration of the water table. Consequently, where we are dealing 
with ridges buried beneath unconformable younger sediments, temperature grad- 
ients above such chilled ridges will probably be less steep than above the adja- 
cent valleys. 

2. (a) Irregular deposition of sediments ——Where sediments are deposited in 
uniform horizontal sheets, the isogeothermal surfaces in the strata formed will 
likewise tend closely to approach horizontality and parallelism. Where sediments 
are spread over an irregular surface, those deposited over the warmer lowland 
rocks may receive heat more rapidly than those deposited above adjacent ridges. 

Irregularities in the rate of compacting, and local compacting of sediments 
above buried hills may, by irregular reduction of the percentage of water-filled 
pores, correspondingly alter the conductivity of super-ridge (as contrasted with 
super-valley) deposits. Compacting being so largely a function of both pressure 
and grain size, it is not, however, certain whether compaction would cause relative 
increase or decrease in super-ridge temperature gradients. 

(0) Expansion—When pore space is increased by elastic response to regional 
elevation and denudation, the water present, which formerly filled all pores, can 
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no longer do so, and local reductions in heat conductivity, due to increase in gas- Bs 
or vapor-filled pores, may result. 

(c) Water movement.—Meteoric circulation, during and after the accumula- 
tion of sedimentary beds, tends to produce a configuration of the isogeothermal = 
surfaces similar to that of the ground-water table, but having less relief. i 

Juvenile waters and gases, or water expelled by compaction from beneath the . 
deeper part of a basin, may be discharged to the surface, either directly upward, or, a 
more probably, laterally along the bedding,—such fluids delivering some excess heat 
to the overlying rocks along the avenues of discharge. 

3. Dynamic deformation—Where sedimentary beds which were formerly _— 
longitudinal have been flexed and faulted, the isogeothermal surfaces, which 4 
originally lay parallel to the bedding of the sediments, have been similarly folded : 
and dislocated. Consequently block uplifts and the truncated crests of the defor- 
mational folds should show relatively steep temperature gradients, whereas syn- 
clinal areas and in-dropped blocks should show subnormal gradients. In strongly ae 
deformed regions, friction incident to deformation of the folded and broken rocks oe 
may cause abnormally high regional temperature conditions, besides the local and a % 
differential effects just mentioned. 

Where artesian water enters the outcrop of a bed truncated by erosion, it 
will tend to chill the bed on the intake side of the synclinal axis, and will tend to 
maintain the original temperature in the bed beneath an anticline lying in its 
path of movement beyond the synclinal axis. However, if before the folding took 
place the isogeothermal surface lay parallel with the bedding, the artesian circula- 
tion probably could not raise the sub-anticlinal temperature of the aquifer bed 
above the geothermal average for the bed as it existed before it was folded. More- 
over, it seems probable that where a porous bed beneath the crest of an uplift is 
filled with gas, it may serve as a partial insulator,—heat tending to accumulate 
beneath such a gas-filled area. 

4. Vulcanism and intrusion —Where bodies of magma, or of plastic material 
such as rock salt and saliferous clays, are injected upward, or exude at the surface, 
they necessarily produce inhomogeneities which are productive of characteristic 
distortions and anomalies in local isogeothermal surfaces. An igneous or rock- 
salt plug, a mushroom-shaped laccolith, or a plate-like dike or sill, should each 
produce an abnormality of local isothermal surfaces reflective of its shape and 
size. A secondary and more far-reaching heating effect may also be induced by 
one or more waves of fluids evolved and liberated in the course of the crystalliza- 
tion of magma bodies,—such effect presumably being evident in certain regions 
featured by volcanic activity and by geysers, fumeroles, and hot springs. oe 


The foregoing statement regarding inhomogeneities in the earth pro- 
ductive of irregularities of isogeothermal surfaces in the earth’s crust is intended ee 
to be suggestive rather than complete, and can be greatly elaborated. It is ; 
furthermore hardly necessary to point out that temperature conditions now 


found to exist within local units of the earth’s crust must in each instance 4 
result from the interplay of a number of the factors mentioned, or that the suc- q 
cessful interpretation of the significance of observed temperature conditions ak ' 
is rarely, if ever, possible unless the geologic history of that region is known in a 
very considerable detail. 3 
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ORIENTATION OF CORES' 


GEORGE A. MACREADY? 
Los Angeles, California . 


ABSTRACT 


Orientation of cores should be of great value in geological investigations of sub- 
surface structures. The historical development of orientation of cores since the early 
German method of the seventies is reviewed, recent California practice is touched on, 
and investigations by the writer since 1918 are described. Cores have recently been 
accurately oriented to more than 4,500 feet in depth. Such great improvements are 
possible over the present methods and equipment that orientation of cores offers one 
of the most promising methods for determining underground geological structure. 


INTRODUCTION 


Orientation of cores comprises the establishing of the original 
underground position of cores, and should be of great value to petroleum 
geologists, because after a core showing bedding planes has been oriented, 
the direction of stratigraphic dip in the well can be determined. 

As the practice of orienting cores in wells has not yet become gen- 
eral, the following words regarding its practical value will not be out of 
place. 

The principal field of usefulness is in wildcat wells in which the known 
geological evidence is insufficient to determine the exact position of the 
structural axis. Wildcat wells ordinarily follow a long and expensive 
geological study of available surface outcrops, topographic features, 
subsurface correlations, and geophysical conditions, with an equally 
expensive land-leasing campaign. The geological study of conditions 
furnishes the evidence suggesting the presence of a structure favorable 
for oil, such as an anticline, a fault, or a condition of the facies 
within a limited area, but the size of this area may be several times as 
great as the expected oil field, so that the wildcat may very probably 
be in the unproductive part of the area. Among the many factors 
making it difficult to predict the exact position of a productive field are 

*Read before the Pacific Section of the Association at the San Francisco meeting, 


November 21, 1929, and read before the Association at the New Orleans meeting, 
March 21, 1930. Manuscript received by the editor, February 10, 1930. 


Petroleum geologist and engineer, 5425 Chesley Avenue. 
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scarcity of evidence, misleading or misunderstood evidence, unconformi- 
ties, asymmetric conditions, hidden faults, alluvium, and facies changes. 
Where the structure is believed to be anticlinal, or possibly faulted, 
orientation of cores can determine the true direction of dip in the well, 
making possible a much better selection of properties to retain, acquire, 
or reject, with a corresponding saving of rentals and bonuses, which form 
a huge sum in modern wildcatting. If the direction of dip is known 
from an oriented core, a second well can be located in a more favorable 
part of the area. Even if the first wildcat is unproductive, in many 
places the outlay for a second wildcat to follow up the information al- 
ready obtained at great expense and on property already acquired is 
much to be preferred to abandoning the area and repeating the expense 
of acquiring information and acreage in another locality. 

One of the most undesirable features accompanying a discovery by 
a wildcat, where acreage is subdivided into small parcels, is the host of 
competitors ready to drill immediately and force offsets on the discoverer, 
with the inevitable overproduction and low price of oil. After orientation 
of cores, funds ordinarily used for random protection acreage can be con- 
centrated on the up-dip or favorable side of the well to lessen the number 
of competitors, offsets, and overproduction. 

Another field of usefulness for orientation is in “post-hole” drilling 
for structure. Orientation of cores can be carried on simultaneously 
with-search for marker or key beds. Where the dip steepens, the location 
of key horizons for correlation becomes more difficult and requires closer 
spacing of holes, with more frequent coring; however, orientation of 
cores becomes more accurate with steepening of dip. 

Orientation may be of use also in prospecting for deeper oil sands 
beneath producing fields. Ordinarily the structure of the deeper horizons 
should approximately parallel that of the shallower horizons, but because 
of unconformities this may not everywhere be true, so that a deep well 
on the apex of the shallow horizon may miss the deeper horizon. 

In the present stage of development the most favorable formation 
in which to orient cores is shale with bedding planes dipping at an angle 
of more than 5°. Massive formations are not satisfactory, because of 
lack of dips. Hard sand wears cutters out of effective shape too quickly 
and soft sand tends to crumble and plug the core barrel. Cross-bedding 
is more likely to be present in sand. In several places slickensided fault 
planes have been found and oriented in cores. 

In the orientation of cores the two principal factors to take into 
consideration are (1) the difficulty of bringing samples or cores of the 
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formation to the surface in a satisfactory condition, and (2) the selection 
of suitable instrumental means for making the necessary records. 

One of the earliest forms of core drill on record is the Kind‘ core drill 
used in Germany as early as 1844 in connection with a free-fall percussion 
system of drilling. Rotary core drilling was introduced about 1861 by 
Leschot,? a French engineer, in the form of the diamond drill used in the 
tunnels through the Alps. Since that time many improvements have 
been made in core drills, such as the double-barrel form, the bladed types 


Fic. 1.—Kind core drill. From R. A. S. Redmayne’s Modern Practice in Mining 
(Longmans, Green and Co., London and New York), Vol. 1, 3rd edition (1925), 
Fig. 53, P- 93- : 


for soft oil-field formations, the roller types for hard formations, the shot 
drills, the calyx core drill, the punch core drill, the cable-tool core drill, 
and improved forms for handling heavy mud circulation. 

A few words regarding well-surveying methods may not be out of 
place, because of the use of surveying methods in orienting cores. Prob- 
ably the oldest form of instrument for surveying bore holes is that de- 
vised by Nolten’ in Germany, about 1874, having a glass bottle of hydro- 
fluoric acid used to measure inclination, and a clock to clamp a magnetic 
compass used to determine direction. Later developments were the use 


™R. A. S. Redmayne, Modern Practice in Mining (Longmans, Green and Co., Lon- 
don), Vol. 1, p. ot. 


2J. R. Leschot, U. S. Patent 39,235. 


3R. A. S. Redmayne, Modern Practice in Mining (Longmans, Green and Co., 
London), Vol. 1, p. 176. 


4 


562 GEORGE A. MACREADY 


of gelatine to congeal about a magnetic compass and pendulum devised by 
McGeorge;' the method of McFarland? of measuring the electric current 
variation in resistance wires which dip into a mercury bath; the Mar- 
riott? method, in which a pendulum varies the resistance by a rheostat; 
Oehman’s* method, in which a magnetic compass and pendulum are 
photographed; the gyroscopic devices of Anschutz-Kaempfe;5 the 
Briggs® clinophone; the graviscope of Wuensch,’ in which a pendulum 
operates a stylus to chart inclinations; the Anderson® survey instrument 
in common use in California; the McLaughlin clinograph; and many 
others. These methods were developed in connection with the coal, salt, 
and water borings of Germany, the diamond-drill holes of the South Af- 
rican and Australian gold fields, the freezing processes of shaft sinking in 
Europe, and more recently in the oil fields of the United States. 

Nearly all of the methods used for orienting cores can be grouped 
with the following general classes. The core barrel is oriented by measur- 
ing or orienting the drill pipe out of the hole as in the Kind? and other 
methods. An instrument is set in the bottom of the well and recovered 
attached to a core, as in the Vivian,'’® Kendall," and similar methods. A 
core is cut and left standing in the hole, after which a core tube provided 
with a survey instrument is lowered into the hole to bring out and orient 
the core, as in the McGeorge” gelatine method and others. Recording 
instruments are attached to the core barrel during coring, as in the 


tEngineering, Vol. 39 (London, March 13 and April 3, 1885), pp. 260 and 334. 


?R. A. S. Redmayne, Modern Practice in Mining (Longmans, Green and Co., 
London), Vol. 1, p. 177. 


3E. B. Durham, Mine Surveying (McGraw-Hill, 1913), p. 330. 


4J. I. Hoffman, Inst. Min. Met. Bull. or (April 11, 1912). 
K. Haussman, Gliickauf (February 15, 1908). 


5H. Anschutz-Kaempfe, U. S. Patents, 1,313,367 and 1,411,896. 
6A. D. Bryden, Trans. Amer. Inst. Min. Met. Eng., Vol. 71 (July, 1926), pp. 431-47- 
7Eng. and Min, Jour., Vol. 111 (1921), pp. 949-50. 


8A. Anderson, “Underground Surveys of Oil Wells,” Amer. Inst. Min. Met. Eng. 
(February, 1929). 


9F. Freise, Osterreichische Zeits. fiir Berg- und Hiittenwesen, No. 41 (October 13, 
1906), pp. 526-30. 


Tbhid. 
"P, F, Kendall, British Patent 5,470 (April 15, 1887). 


2 Clinograph or Bore Hole Test,” Engineering (London, March 13, 1885), pp. 
260-63. 


a 

343 

q 


ORIENTATION OF CORES 563 


Gothan' stratameter and later devices. The wall of the well hole has 
been photographed by a special camera, as in the Atwood,’ Reinhold, 
and other devices. 


DESCRIPTION OF EARLY ORIENTATION METHODS 


The Kind‘ method is probably the earliest method used in orienting 
cores. It is described as early as 1888, after several years of use in Ger- 
many, and probably dates back to 1872. By this method a core was 
drilled by a forked bit using the Kind freefall percussion system of drill- 
ing and a core lifter of special construction lowered over the core. The 
core was then drawn to the surface, care being taken not to twist the 
rods. Two index arms were held against the rods, one at the derrick 
floor and one by a man in the derrick near the top of the drill rod, these 
index arms being for the purpose of aligning the pipe against twist. 
This method was used to a considerable extent in Germany before dia- 
mond drilling was known. After diamond drilling came into general 
use, the method was found not practical because of the small diameter of 
diamond-drill holes. 

Vivian,’ an American diamond-drill engineer, devised a somewhat 
different method of orienting cores. A pilot hole was drilled a few inches 
and an instrument case was lowered into the hole so that a part of it was 
fastened into the pilot hole. In this case a compass needle was clamped 
by a weight used in setting the case. A core was taken recovering the 
instrument case attached to the upper end of the core. Considerable 
difficulty was caused by the pilot hole filling with cavings, by concussion 
during coring, and by the core breaking, so that the method had very 
little usage. 

McGeorge, who invented the gelatine method of surveying bore 
holes, also realized the importance of orienting cores. He was the first 
to appreciate the importance of determining the inclination of the core 
at the time of orientation. By his method a core was drilled without a 

"H. Thuman, “The Gothan Stratameter,”’ Gliickauf (January 18, 1902), pp 
55-57- 

2J. T. Atwood, Eng. and Min. Jour. (May 18, 1907), p. 944. 

3“ Photographic Apparatus for Boreholes,” Colliery Engineering (August, 1926), 
371. 

4F, Freise, Osterreichische Zeits. fiir Berg- und Hiittenwesen, No. 41 (October 13, 
1906), Pp. 526-30. 

SIbid. 


SE. F. McGeorge, U. S. Patent 281,772 (July 24, 1883). 
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core-catcher in the barrel and the core left standing in the hole when 
the core barrel was withdrawn. A second tool having a core-lifting 
tube set eccentric and an instrument case were lowered over the core 
stub and allowed to set until the gelatine congealed about a compass 
and pendulum within the case. The drill rod was then twisted so that 
the eccentric barrel sheared the core off, and it was then drawn to the 
surface and the orientation determined from the compass and pendulum. 
Objections to this method were the interference of cavings, fracturing 
of the core, and difficulty of congealing gelatine at underground tem- 
peratures. 

Lubitsch' improved on the Kind method to adapt it to diamond- 
drilling. A core was first drilled without a core-catcher and the stub 
left standing in the hole. A second tube was then lowered over the stub 
and it was drawn out and oriented as in the Kind method. This method 
was more adaptable to small holes, but grit and cavings were trouble- 
some, and many cores broke off. 

Kendall? invented an apparatus about 1887 which was set in a pilot 
hole, the Vivian method, but the compass in the case was clamped by 
lifting off the weight of the setting tool. A core was then taken with 
the compass attached to the top of it. 

Wolff,’ about the same time, invented an apparatus which was low- 
ered over a stub of core in a hole and in which clockwork was used to 
clamp a magnetic needle after a predetermined time. The core was 
then removed and oriented from the clamped needle attached to it. 

The Gothan‘ stratameter was invented in Germany about 1899, 
and is the earliest form of orientation device in which a recording appa- 
ratus is attached directly to a rotary core barrel during coring. This 
apparatus was used to depths of 1,000 feet in Germany. A single-barrel 
core drill is used, and an instrument case is attached to the upper end. 
In this case is a magnetic compass, a plumb bob, a soft sheet, and a 
clock. Before being lowered into the hole, the clock is set to trip at a 
predetermined time. A core is drilled and the barrel allowed to remain 
quiet until the clock trips. When the clock trips the compass is clamped 
and the plumb bob dropped on the soft sheet to leave an impression or 

'F, Freise, Osterreichische Zeits. fiir Berg- und Hiittenwesen, No. 41 (October 13, 
1906), pp. 526-30. 

2P. F. Kendall, British Patent 5,470 (April 15, 1887). 

sMoritz Wolff, German Patent 47,221 (May 23, 1889). 


4H. Thuman, “The Gothan Stratameter,” Gliickauf (January 18, 1902), pp. 55-57- 
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No. 649,636. Patented May 15. 1900. ae 
H. GOTHAN. 
APPARATUS FOR DETERMINING DIRECTION OF GRADIENTS OF STRATIFIED MASSES. 
(Application filed May 1, 1899.) 
(No Model.) 2 Sheets—Sheet |. 
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dent. The core barrel is then withdrawn and the core orientation de- 
termined from the clamped compass and plumb-bob dent. Gothan 
also provided a swiveled stand, so that the position and inclination of 
the core could be reproduced to visualize the orientation. 

Meine,' of Berlin, utilized a messenger ball dropped down the 
drill rod instead of a clock to trip a clamp for locking a compass needle 
on a core barrel. 

Koerner? described a complicated device containing a motion-picture 
machine and another device in which a messenger weight forced pointers 
into a cork. Both devices were to show inclination, the drill pipe and 
core barrel being oriented out of the well by measuring each stand. 

In the Goodman: device, described about 1908, a clock was used to 
clamp a magnetic compass and pendulum, these being attached to the 
top of a barrel lowered over a stub core left standing in a well. 

An elaborate and interesting apparatus was described in Belgium 
about 1909 by Jean Florin.‘ An instrument case is lowered into a hole 
by a cable and set down on the stub of a core in the hole. A soft lead 
surface on the lower face of the case takes an impression of the top of 
the core stub. Within the case is a copper disc coated with a phosphor- 
escent material and supporting a pivoted magnetic compass needle. A 
lens midway in the case throws the image of the light disc and the dark 
needle on a photographic plate at the opposite end of the case when a 
shutter is shifted by contacting the bottom of the hole. The case is filled 
with clear water and a 20- to 30-minute exposure is required. After the 
apparatus is removed and the photograph developed, a core is taken 
and correlated with the compass photograph by the impression of its 
upper end. 

About 1907, J. T. Atwood’ described a camera for photographing 
the walls of a hole filled with liquid and used it to depths of about 200 
feet in a well in Illinois. It consisted of a case having a window, an elec- 
tric light for illuminating the walls of the well, a mirror, a lens, a photo- 
graphic film, and a motor-driven reel. It was lowered into the hole by a 


™R. A. S. Redmayne, Modern Practice in Mining (Longmans, Green and Co., 
London), Vol. 1, p. 180. 


2G. Koerner, British Patent 7,797 (March 31, 1906). 
3J. Goodman, British Patent 23,003 (October 29, 1908). 


‘Jean Florin, Abstract from Analles des Mines de Belgique, Eng. and Min. Jour., 
Vol. 47 (1909), p. 854. 


sJ. T. Atwood, Eng. and Min. Jour. (May 18, 1907), p. 944. 
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cable, and photographic exposures were made by operating an electric 
switch at the ground surface. * 

Recently a more elaborate camera has been developed in Holland 
by Reinhold,’ in which the walls of a well can be photographed to greater 
depths. He provides packers for furnishing a space for clear water at 
the horizon to be photographed. 

In the Mitchell? device, developed about 1924, a pilot hole is drilled 
and a capsule inserted into it as in the Vivian method. The capsule 
contains a magnetic compass needle suspended as a plumb bob in warm 
gelatine which is allowed to congeal. A core is taken having the capsule 
attached to the top of it and oriented from the fixed compass. 

The Dixon; device is a complicated apparatus having a gyrocom- 
pass, a clock, a motor, and a rock denter enclosed in a case which is 
lowered into a hole on an electric cable. A mark or dent is made on the 
bottom of the hole and the position of the dent recorded in the case. 
The instrument is removed from the hole and a core is taken which is 
oriented by the dent or mark on the upper end of it. 

The Hall-Armentrout‘ device has a gyrocompass driven from elec- 
tric cells on the upper end of a core barrel, and a trip rod extending down 
to the lower end of the cutters and dragging on the bottom of the hole 
during drilling. When a core has been completed and the core barrel is 
raised, the trip rod lags behind and operates a clamp to lock the gyro- 
compass. The accuracy of this tool is questionable, because of the diffi- 
culty in constructing an accurate gyrocompass of-small diameter, and 
because of the twist in the core between the instant of raising off bottom 
and the instant the gyrocompass is locked. 


RECENT CALIFORNIA PRACTICE 


Most of the devices for orienting cores already described originated 
in Europe or the British colonies in connection with diamond drilling. 
They were designed for hard rocks such as occur in coal regions, for use 
in shallow holes which did not deviate greatly from the vertical, and for 
clear water circulation. 

In California, different geological and mechanical conditions pre- 
vail. Much heavier drilling equipment is used and it is frequently pushed 

«Photographic Apparatus for Boreholes,” Colliery Engineering (August, 1926), 
371. 

2]. S. Mitchell, U. S. Patent 1,566,499 (December 22, 1925). 

3A. F. Dixon, U. S. Patent 1,630,694 (May 31, 1927). 

4E. B. Hall and A. L. Armentrout, U. S. Patent 1,656,809 (January, 1928). 
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to the limit of its strength. Heavy mud circulation is essential, and pipe 
must be kept continuously méving when in the hole. Wells are deep 
and many deviate greatly from the vertical. The heavy mud pumps 
now used cause objectionable vibration of delicate instrumental parts 
such as pendulums and compasses. By far the greatest difficulty in 
California has been the difficulty in cutting and extracting a core without 
twisting it from its original position before recording an observation of 
its position. 

Probably the first attempts to orient cores in California were made 
by the Shell Company of California near Oilfields' and in other parts of 
the state about 1919. A form of stratameter of the Gothan type was 
tried, but with indifferent success because of difficulty in obtaining cores 
untwisted in the barrel. 

At that time core drills were not as well developed as they are now 
and it was almost impossible to recover cores in unbroken lengths of 
more than a few inches in California formations. Very little was done 
in California toward orientation of cores for several years following 1921. 

An interesting method of orienting cores was recently described.? A 
series of cores is taken in one well, the magnitude of dip in each core is meas- 
ured, and the course of the weil is surveyed. Two essential conditions are 
necessary: (1) the inclination of the well must change appreciably, and 
(2) the actual dip of the formation throughout the length of observation 
must remain constant in magnitude and direction. Small sticks are 
passed through blocks or plates at such angles that each block repre- 
sents the magnitude of a core dip relative to the stick which represents 
the well. Each stick is then set upright on a base and tilted into the 
inclination and direction determined by the survey. The blocks are 
then rotated on each stick as an axis until the blocks lie in parallel planes, 
the direction of these planes being the dip of formation. This problem 
can also be solved mathematically. 

Between 1925 and 1928, one of the oil companies in California drilled 
many post holes for geological information, in the course of which process 
many cores were oriented. Cores were taken with core drills of several 
types and oriented by measuring the pipe as it was pulled from the well 
by a method which in some respects resembles the old German method 
of Kind. A mark is made near the rotary table on the drill pipe facing 

"R. M. Barnes and R. E. Collom, California State Min. Bur. Summary, Vol. 6, 
No. 12 (June, 1921). 


Alexander Anderson, Amer. Inst. Min. Met. Eng. meeting, Los Angeles, Cal- 
ifornia (November 27, 1928). 
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a range flag, and the drill pipe is pulled up. At the top of the derrick 
the position of the mark is observed on a semicircular graduation attached 
to a pointer stick pointed at the range flag. The position is then called 
to the floor observer, who makes a mark on the next stand. Each stand 
is marked, and the last mark shows the orientation of the core barrel. 
The core is then carefully removed from the barrel, care being taken 
to note its position relative to the last mark. Rotary core drills of several 
types were used without very satisfactory results. Most orientations 
were made with a punch core barrel which consisted of a short core tube 
with a cutting end attached below a heavy rotary jar so that it could be 
run on drill pipe. This was lowered to the bottom of the hole and the 
tube driven into the formation by blows from the jars. Cores with an 
average length of about 1 foot (few exceeding 2 feet) have been taken 
and oriented to depths as great as 2,500 feet. This core drill is best in 
soft formation. 

The Associated Oil Company of California did considerable experi- 
mental work on orientation of cores, about 1925. An ingenious instru- 
ment was developed by G. D. Hanna‘ for attachment above a core drill. 
This instrument consists of a magnetic compass, a timing mechanism, 
and a weight freely swiveled on a vertical axis. Orientations with this 
device have been attempted to depths as great as 2,500 feet. A modified 
form of this device has been developed and found satisfactory for sur- 
veying the course of wells. 

Within recent years core drills of two or three other types have been 
tried or proposed in which a magnetic needle carried by the core barrel 
is locked in position while in the well. Difficulty has been encountered 
in preventing the core from twisting out of position before the needle 
is locked. Furthermore, the jerky motion imparted to drill pipe by the 
mud pumps ordinarily used causes the needle, together with a pendulum, 
to shift position frequently so that it may be locked in a misleading po- 
sition. 

MACREADY INVESTIGATIONS 

During 1918 and rg19 the first experiments on orientation of cores 
by the writer were carried on in connection with the asphalt and petro- 
leum deposits of Trinidad and Venezuela. A small rotary core drill was 
first tried, with unsatisfactory results. Better results were obtained by 
the use of driven cores taken with a portable outfit. The equipment 
was very light and simple. The core barrel was 14-inch pipe, with 


*G. D. Hanna, U. S. Patent 1,665,058 (April 3, 1928). 
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a sharp, carefully made shoe at the lower end cutting a 1-inch core. 
The core barrel was corked at the lower end and filled with soap suds 
to exclude débris, lowered to the bottom of the hole by drill rods, and 
driven down by blows from a 200-pound weight. Ordinarily 5-foot 
cores were taken, although in several holes 10-foot cores were recov- 
ered. The average recovery was about 75 per cent. After the core 
barrel was pulled out, 2-inch pipe was driven to the bottom for casing 
and the hole cleaned out to the bottom by a hydraulic churn drill. In 
orienting, the drill rod was measured out in 10-foot lengths by marking 
the top of each joint near the floor with a pencil or chalk and turning 
the mark to face in the same direction after the rod had been pulled up 
for the next joint. The depth of the deepest hole was 250 feet. The 
formation in Trinidad was soft clayey shale with oily streaks and asphalt, 
some of the holes being in the Trinidad asphalt lake. The dip directions 
were irregular, which was attributed to shifting of asphalt. In Venezuela 
the formation drilled was flat-bedded swamp alluvium, and holes were 
relatively shallow. 

These experiments were on a small scale, with crude equipment, 
but they showed a promising method for mapping structure underlying 
alluvial areas where outcrops were not available. At that early date, 
however, core drilling in connection with oil fields was an unheard-of 
procedure, and, as a means of obtaining geological information regarding 
oil, was regarded as a ridiculous extravagance. 


Fic. 3.—Coring on Trinidad asphalt lake. 
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A year or two later, some of the crude rotary core drills used in 
California were observed and the suggestion made by the writer that 
driven cores would be more satisfactory in the soft formations and would 
be more easily and accurately oriented. The result of this suggestion 
was the development of the punch core drill, which was used to a con- 
siderable extent for several years. 

The writer has devoted the past three years exclusively to the study 
of orientation of cores. An extensive series of experiments has been car- 
ried out by use of a portable rotary drilling machine and core drills of 
several types in addition to many deep runs. 

The principal features requiring experimental work included: (1) 
improvement of details of coring methods and equipment to avoid 
twisting the core out of its original position before recording, (2) selection 
of suitable instrumental equipment for recording the position of the core, 
and (3) selecting proper timing arrangements so that the record would be 
made at the most reliable stage of coring. 

Coring details required much experimenting, and much still remains 
that can be done. In California most drilling is done with rotary tools. 
Rotary core drills, although very efficient in footage recovery, may cause 
the core to twist out of its original position, thus spoiling the orientation. 
It was early evident that for orientation the double-barrel type with a 
floating or swiveled inner barrel would prove most satisfactory, but even 
this form in practice would not unfailingly take untwisted cores in soft 
formation until considerable experimenting had been done. Thrust 
bearings caused little difficulty unless broken, and several forms were 
tried. Circulation was conducted between the outer and inner barrel 
to the extreme lower end. The greatest difficulty seemed to be in the 
lower few inches of the core drill. The most efficient arrangement found 
to date has been the Elliott cutter head with a floating inner barrel having 
a shoe similar to the Trinidad drive shoe, but fluted internally to grad- 
uate the core, a compression spring on the inner barrel to prevent it from 
chattering and vibrating so as to shear off the core, and a mud guard to 
prevent débris from plugging the inner barrel. With this arrangement, 
cores have been recovered in shale, exceeding 15 feet in length above 
the shoe, without a sign of twist or fracture. 

Selection of suitable instrumental equipment was not very difficult 
because of the many forms available in connection with well survey- 
ing. For inclination, indicators of the pendulum type seemed easier to 
use in making a record than those of the liquid-level type. For azimuth, 
there was the choice of: (1) actually surveying the pipe out of the hole, 
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Fic. 5.—Compression spring on inner barrel. 
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Fic. 7.—Block used in testing core twist. Pk a 
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which is laborious and of questionable accuracy; (2) the gyroscope and 
gyrocompass, which were investigated but which, though theoretically 
attractive, offered delicate mechanical problems which seemed difficult to 
solve, and (3) the magnetic compass which, though not reliable near 
iron, was finally accepted as sufficiently accurate for orientation. For 
recording the positions of the indicators, several methods were available, 
such as: (1) variation of electrical resistance, which is not practical for 
the magnetic compass, (2) clamping the compass and pendulum, which 
can be done but may record at a misleading position during swinging 
or may be altered by shaking out of position after recording, (3) mark- 
ing on a chart, which places too great a weight load on the compass nee- 
dle, and (4) photography. Photography was chosen because both 
pendulum and compass needle can remain freely swinging during record- 
ing and do not have to touch anything that may disturb their positions, 
and because the photograph automatically averages the position if there 
is any swinging. This latter feature is particularly valuable where cir- 
culation is shaking the drill pipe and causing the needle to make a hazy 
but legible photograph. It was found best to have the recording instru- 
ments attached directly to the inner barrel, where there was less possi- 
bility of change relative to the core. 

Considerable experimenting was required to select suitable timing 
arrangements. One of the first forms was a clock used to flash the light 
for the photographic exposure, which was set before being lowered into 
the hole to act at the instant when it was decided that coring would be 
complete. It was found difficult to estimate the exact instant of com- 
pletion of coring, which difficulty caused slight delays, but the strongest 
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Fic. 8.—Types of compass-pendulum photographs. 
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objection was that the time of coring varied, so that, if the core was 
completed in advance of the exposure, it was necessary to rotate the 
pipe without digging, to prevent freezing, and this rotation had a ten- 
dency to twist the core out of position; or, if the core was made slowly, 
the amount obtainable was not sufficient. To overcome these difficul- 
ties the spline swivel was made. The spline swivel is a heavy tool re- 
sembling a rotary jar, which is placed between the core drill and the 
drill pipe. By raising and rotating the drill pipe a few turns the in- 
strument can be tripped at any time desired. The spline-swivel type 
has been the most frequently used form, and has oriented cores to over 
4,500 feet in depth, but it has the objectionable features of being bulky 
and expensive to construct and of requiring practice for efficient opera- 
tion. 

The most recent form developed makes use of a long photographic 
strip on a reel; it photographically records positions of the pendulum 
and compass at regular intervals so that a complete survey of the well 
can be made and several positions of the core barrel recorded during 


Fic. 9.—Orientation core drill of spline swivel type. 
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FIG. 10,—Multiple-photograph orientation instrument. 
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coring. The spline swivel is omitted and coring procedure is almost the 
same as for ordinary coring. Approximately 75 photographs can be taken 
at intervals of 1, 2, 4, or 8 minutes, and the change of interval can be 
made in a few seconds before the equipment is lowered into the hole. 

The accuracy of orientation has been checked on many occasions. 
As a check on the accuracy, the experimental work was carried on by 


Fic. 11.—Assembly of Macready orientation core drill. 
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drilling beside an outcrop of known dip. Nearly all orientations corres- 
ponded within 25° with the outcrop direction, and within 5° with magni- 
tude of dip. The few exceptions could be attributed to causes in the 
course of trying new features. In one series of nine successive cores, the 
dip determined by eight of them agreed within 25° with the outcrop 
direction, and the magnitude within 5°. As a check on the accuracy of 
the magnetic compass in the vicinity of drill pipe, the instrument was 
rigidly attached to the drill pipe and tripped while suspended in the hole, 
at a depth of less than 100 feet. The drill pipe was oriented out by a 
range flag, and it was found that the compass direction was correct. 
In another hole, at a depth of more than 4,506 feet, a series of six runs 
resulted in five orientations. Not every dip was distinct, but all corres- 
ponded within go° and the three most distinct dips within 10° in direc- 
tion. In another hole, two cores were oriented in a series of three runs 
at a depth of 3,000 feet and corresponded within 25° in direction. The 
inclination of this hole corresponded very closely with the results of a 
survey by another method. It has been found very important to record 
the inclination of the well hole at the point of coring for a correction of 
the apparent dip of the core, and this correction has in several places 
amounted to nearly 45° in direction. 


CONCLUSIONS 


By orientation of cores, the true magnitude and direction of dip at 
the bottom of a well can be determined. 

This information can be used to advantage by operators of wildcat 
and other wells to enable them to make better selections of acreage as 
their wells progress. In the event of the discovery of a new field, orienta- 
tion of cores can be useful in reducing the number of competitors, offset 
wells, and theresulting overproduction. 

Attempts have been made to orient cores since the seventies, and 
many devices have been used and suggested. The principal develop- 
ments have been the early Kind method, the Gothan stratameter, orien- 
tation in California within recent years to 2,500 feet in depth, and the 
more recent orientations by the writer to 4,500 feet in depth. 
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ACCURACY OF BORE-HOLE SURVEYING BY ORIENTATION 
FROM THE SURFACE' 


R. P. MCLAUGHLIN? 
Los Angeles, California 


ABSTRACT 


The paper deals with the surveying method in which direction, relative to points 
of the compass, is determined at the ground surface by observing the degree of rotation 
of a pipe which has an instrument rigidly attached to its lower end. This method is 
distinguished from those using some sort of compass within the instrument itself. 

The practice of surveying bore holes will probably be increased within the oil 
industry. The object of the writer is to present data showing the degree of accuracy 
which may be expected. Specific description of instruments and details of their op- 
eration are not treated. Results of surveys made during the past twenty years in 
various lines of industry, aside from oil, are presented in such a manner as to indi- 
cate the degree of accuracy which has been obtained. 

Theoretical considerations are mentioned but not discussed. 

There is a description of a unique series of tests made at an oil well for the purpose 
of determining accuracy of several instruments and several methods. Maps and other 
data accompany the description. 

There are brief descriptions of results and their meaning as obtained by means of 
duplicate surveys conducted at various oil wells in the course of regular industrial 
operations. 

The conclusion of the writer is that the method under proper manipulation is 
amply accurate to meet the requirements of the oil industry. 


Surveying the underground course of oil wells is a practice which 
has demonstrated its utility and will doubtless come into more wide- 
spread use. There has been manifest a certain timidity on the part of 
oil operators to survey their wells, due to possible legal complications 
involving the question of ownership of underground deposits beneath 
different tracts of land. This obstacle is probably not so important as 
it might at first seem. The oil industry is one of the most progressive 
and can be depended upon to solve such problems satisfactorily as soon 
as they are fairly confronted and studied. A recent illustration of such 
ability is the subject of unit operation of oil deposits, which was, not more 
than five years ago, unanimously condemned, yet now a majority of the 
most influential organizations in the industry are endeavoring to perfect 
the plan and put it into use. 


*Read by title before the Association at the New Orleans meeting, March 21, 1930. 
Manuscript received by the editor, February 24, 1930. 
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Since the drilling of deep wells has become necessary, their cost has 
mounted rapidly and the large investments in such work makes imper- 
ative the consideration of all pertinent facts and conditions. The legend- 
ary policy of the ostrich hiding its own head and imagining that its entire 
body is thereby protected has no counterpart in the mental processes of 
the progressive oil operator. Success in the oil business has followed the 
ability to face facts, whether pleasing or not, and to adjust operations in 
accordance with the demonstrated conditions. 

It has been only a comparatively short time since investigations 
demonstrated the lamentable and widespread results arising from failure 
to drill wells vertically. In this short period there has been such a re- 
markable advance in drilling operations that few extremely crooked holes 
are now drilled. However, in order to drill wells vertically it is necessary 
to spend more time and money than before, and there is doubtless an 
economic limit which it will be found unnecessary to exceed. The de- 
termination of the economic limit for straight drilling, in addition to the 
need for complete information as to underground conditions in order to 
direct new production and conservation methods, will stimulate bore- 
hole surveying. 

As instruments and equipment for surveying wells are now avail- 
able for use by geologists and engineers, it seems timely to present data 
showing what degree of accuracy may be expected from different meth- 
ods. It is not the purpose of the writer to describe fully the details of 
manipulation of any particular process, but merely to set forth the results 
which can be obtained by one general method which has been thoroughly 
tested by actual use in many oil wells. 

Any survey, whether on the surface or underground, must yield 


‘data from which both a plan and vertical cross sections can be drawn, 


if the survey is to be considered complete. The mere finding of vertical 
angles along the course of an oil well, as determined by the very useful 
acid bottle, does not constitute a complete survey. In addition to meas- 
uring inclination, it is also necessary to determine the horizontal com- 
ponents of the various sections of the hole, or, in other words, to deter- 
mine its direction or orientation. 

The art of bore-hole surveying is not new, and technical literature 
affords many descriptions of apparatus and methods. However, none of 
the described methods seems directly applicable to oil-field operations, 
and each requires certain adaptations in order to be quickly and eco- 
nomically used. 

In all surveying methods, orientation, which is equivalent to the 
measurement of angles in horizontal planes, is accomplished in two ways. 
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One method involves the use of an instrument containing some sort oi 
compass which indicates the direction toward which’ the instrument is 
inclined. The compass may be of either the magnetic or gyroscopic type. 
The second method involves the use of an instrument inserted into the 
hole by means of tubing to which it is rigidly attached, and the direction 
of inclination of the instrument is determined by observing the degree 
of rotation of the part of pipe projecting above the ground surface. 
The latter method is more particularly considered in this paper. 

Both compass orientation and orientation from the surface have been 
extensively used. The magnetic compass seems to have given satisfac- 
tory results where the rock was not magnetic. The magnetic compass 
will not function satisfactorily inside of iron or steel pipe; therefore, it is 
useless in oil wells where casing is present. Orientation from the surface 
has been extensively used to survey bore holes in magnetic iron deposits. 

Surveying equipment developed for oil-field use and depending upon 
surface orientation includes the ordinary tubing or drill pipe with which 
all wells are regularly provided. The instruments are light and compact 
and their handling involves nothing but the routine procedure common 
to inserting either tools or pumps in wells. Some instruments are of 
simple construction and their operation is but little more difficult than 
that of an ordinary surveyor’s transit. Of course the operator should 
have as much technical training as is required to conduct ordinary sur- 
veying and mapping operations. 

Widely discrepant. results have been reported from attempts to 
survey oil wells, and the accuracy of the different processes has been 
questioned. It is impossible to state whether or not a particular survey 
was accurate or otherwise unless it is known exactly what procedure was 
followed. Recently published popular descriptions of some instruments 
indicate that they have been designed without knowledge of the limita- 
tions imposed by nature, and it is probable that some attempts at sur- 
veying have been made without sufficient regard to the physical and 
mathematical laws which govern such procedure. However, the older 
descriptions appearing in purely technical publications give data upon 
which opinions as to results can be reasonably based. 

Probably the most exacting requirements for accurate surveying 
methods have accompanied the drilling of many bore holes around a 
small plat of ground which was to be frozen so that a mine shaft could be 
excavated. The distance between such bore holes is commonly less than 
3 feet and they are carried to depths ranging from 500 to 1,500 feet. 
Horizontal deviation of not more than 35 inches at a depth of 420 feet 
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is found in one set of specifications.’ And in another hole drilling is re- 
ported to have been so nearly perfect that there was a horizontal deviation 
of only 134 inches at a depth of 534 feet.’ 

It is not probable that the technical men in the oil industry will soon 
be called upon to equal such results either in drilling or in surveying, but 
it is interesting to know that both purposes can be accomplished. In 
the last mentioned hole, orientation was from the surface, whereas the 
method was not specifically described in connection with the other holes. 

In the course of diamond-drill prospecting in the iron deposits in 
Michigan, both the magnetic compass and surface orientation have been 
used and checked against each other.‘ In one hole, 1,697 feet deep, 
having a diameter of about 2 inches with a total horizontal deflection of 
about 262 feet, plats by the two surveying methods checked each other 
within 12.7 feet at a depth of 1,500 feet. The author states that repeated 
surveys indicated that in several places the magnetic-compass bearings 
did not agree because of the presence of casing which had been left in 
the hole. It is interesting to observe the accompanying tabulated record 
which makes a comparison between compass-bearing and surface orien- 
tation at different depths. 


Course of Hole 
Depth (Feet) Inclination (Degrees) Magnetic Surface 

Compass Orientation 
100 I N. 73°E N. 85° E. 
300 2% S. 4° E S. 36°E. 
500 4 S. 24°E 
700 3% S. 38° W. S. 30° W. 
goo 5 S. 25° W. S. 47° W. 
1,100 II oe. sa° W. 
1,300 19 S. 77° W. S. 81° W. 
1,500 24% N. 85° W. N. 86° W. 

1,700 26 S. 97° W. No test 


The course of the hole is shown by Figure 5, which is computed and 
platted from the foregoing tabulation. It is particularly interesting to 
observe the comparatively slight difference between the two surveys, 
although the bearings of some of the courses are widely divergent. The 
discrepancies, however, are in the opposite directions; therefore, com- 
pensating. These two surveys were each comprised of only seven sep- 
arate courses or readings, and comparison of these with oil-well surveys 
consisting of many times more readings shows the latter to be relatively 
more precise. 


"J. Riemer, Shaft Sinking Under Difficulties (New York, 1907). 
*Henry Briggs, Royal Society of Edinburgh, Vol. 46 (1926), pp. 223-29. 
3E. E. White, Trans. Amer. Inst. Min. Met. Eng., Vol. 44 (1912), pp. 77-70. 
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White says that surface orientation is accurate only if rods turn 
easily in the hole, which they ordinarily do except in holes of great depth, 
low inclination, or excessive curvature. Under these exceptional condi- 
tions he says that, unless the hole is rifled, twist can probably be removed 
from the pipe by raising or lowering it a few feet. This latter prediction 
has been amply demonstrated to be correct in recent oil-well surveys, 
as will be noted. 

One of the most interesting reports relating to the surveying of bore 
holes by surface orientation describes work done at magnetic iron de- 
posits in Sweden.' A detailed technical report of the methods used and 
the results obtained was published after an exhaustive investigation by 
a technical commission.’ In that report it is noticeable that the general 
shape or divergence of the bore holes investigated was similar to occur- 
rences found in oil fields. One hole 1,300 feet deep was deflected 488 
feet, and the inclination from the vertical ranged from almost nothing at 
the surface to 40° at the bottom. The diameter of the hole ranged from 
2% inches at the top to 1% inches at the bottom. 

Two examples are cited by Lundberg in which surveyed holes were 
later intersected by mine workings, and actual checks of survey accuracy 
were thereby obtained. One hole 450 feet deep, vertical at the top and 
inclined 5° at the bottom, checked within less than 2 feet. The second 
hole was 430 feet deep with 100 feet deflection which was found in the 
mine workings “almost exactly at the spot where it had been indicated 
to be.” One hole 1,000 feet deep with 360 feet deflection was repeatedly 
surveyed with identical results. 

Lundberg is of the opinion that the method fully answers the needs 
for diamond-drill holes. Petersson states that 
In order to test the reliability of this method, the commission have carried out 
thorough and practical tests in Klacka Lerberg and Streiberg, and good results 
have been attained. It was found that a string of tubing is not exposed to any 


torsion worth mentioning as a result of friction in the bore hole, not even when 
the bore hole may be curved. 


Having briefly reviewed the results obtained in other industries, it 
is pertinent to present results observed in the oil fields. However, it 
may be well to pause in the midst of consideration of definitely ascer- 
tained facts to mention the theoretical side of the problem. The writer 
has heard many discussions bearing on the impossibility of accurate 
surveys at great depths where surface orientation is depended upon. 


"Sven Lundberg, Eng. and Min. Jour. (April 26, 1924), p. 690. 
2Walfr. Petersson, Jernkontoret Annaler (Stockholm, May 31, 1922), pp. 224-62. 
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Many of the arguments advanced have been both ingenious and stim- 
ulating, but as a basis for technical discussion they have lacked the 
support of results obtained by actual tests. Furthermore, the rigid and 
straightforward process of reasoning requisite to consideration of a prob- 
lem in analytical mechanics has commonly been absent. Imagination 
has too frequently been relied upon in place of observed facts. There- 
fore, until theoretical discussion is placed upon a more substantial foun- 
dation, it seems scarcely necessary to depart from the consideration of 
observed conditions. 

During the past year the writer has had occasion to survey a great 
many oil wells ranging in depth from 4,000 feet to more than 8,000 feet. 
As all of this work has been performed for other people, the results were 
confidential and not available for publication. However, an opportunity 
was recently presented, through the codperation of one of the large oil 
companies operating in California, whereby many surveys could be made 
for the primary purpose of comparing several methods and determining 
their degree of accuracy. Permission to use certain data has also been 
obtained from several other oil companies. Where a continuously re- 
cording instrument is used, it is possible to make a duplicate or checked 
survey without the expenditure of much additional time, simply by 
taking the results obtained while the instrument is being withdrawn 
from the well in addition to those obtained while the instrument is being 
run into the well. With such an instrument it is also possible to perform 
various experiments to determine what is happening underground during 
the course of a survey. 

In making this series of test surveys, a well was chosen of which 
repeated surveys had already been made during the process of drilling. 
It was decided to use two different strings of drill pipe, two instruments 
of radically different construction, and several methods of measuring 
rotation or orientation. The instruments were used simultaneously, 
that is, one was mounted directly below the other and rigidly attached 
to the lower extremity of the drill pipe. Readings by the instruments 
were made after each additional stand of pipe (88 feet in average length) 
was inserted in the well. Some of the surveys were made to a depth 
greater than 6,000 feet. 

The inclination of the well from vertical was found to be a variable 
quantity and did not conform to a smooth curve. A drawing showing 
the full vertical section is too large for reproduction in this paper. A fair 
idea of the general downward course of the well is afforded by the follow- 
ing tabulated statement. 
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Depth (Feet) Inclination from Vertical 
300 0° 50’ 
600 3° 50° 
goo 

1,200 of 
1,500 3° 20° 
1,800 7° oO 
2,100 2° 40’ 
2,400 4° 20’ 
2,700 5° 30° 
3,000 6° 10° 
3,300 5° 50 
3,000 8° 30° 
3,900 
4,200 7° 20° 
4,500 10° oO 
4,800 10° 40’ 
5,100 9° 25" 
5,400 10° 40’ 


The final result of all the tests is shown by Figure 1, which is in gen- 
eral self-explanatory. The letter A denotes results obtained by one 
instrument and B denotes the results obtained by the other instrument. 
The number accompanying each letter denotes the particular test; for 
example, A-3 denotes the results obtained by the first instrument during 
test 3. The results of test 1 are omitted because it went only to a very 
shallow depth and disclosed little of importance. 

A description of the instruments is not necessary at this time except 
to state that both had been extensively used and were of radically dif- 
ferent construction. One made a continuous record on a strip of paper 
and the other made an intermittent record upon photographic film. 

Test 2 used drill pipe having an outside diameter of 54 inches 
and carrying an instrument container 75¢ inches in diameter. Test 
3 used drill pipe with an outside diameter of 4% inches and carried 
an instrument container 5 inches in diameter. Test 4 used drill 
pipe 5! inches in diameter with a 5-inch instrument case. The inside 
diameter of the well casing was 734 inches. 

The variety of drill pipes used and the variation in the size of the 
instrument case gave opportunity to observe differences which might 
arise from the action of the pipe due to such causes as friction and elas- 
ticity. The use of two instruments operating simultaneously and under 
identical conditions demonstrated the amount of divergence due entirely 
to instrumental inaccuracies. Separate measurements of rotation of the 
drill pipe gave a basis for comparison of such methods. 

There are three possible sources of errors in surveying bore holes by 
means of orientation from the surface, namely, instrumental inaccuracy, 
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errors in measurement of orientation, and erratic behavior of pipe. The 
aforementioned test was therefore conducted in such a manner as to 
appraise fairly the magnitude of error arising from each one or all of the 
sources which can affect the final result. 

Instrumental inaccuracy must be reckoned with in all methods of 
surveying. It would be difficult, if not impossible, economically to con- 
struct an instrument, small enough to insert in a bore hole, which would 
be entirely free from error. However, it is possible to confine the error 
within narrow limits; furthermore, it is quite feasible to design an in- 
strument which can be operated so as to neutralize the effect of its in- 
accuracy. The magnitude of discrepancy due entirely to instrumental 
inaccuracy is shown in Figure 1 by comparison of lines A-4 and B-4, which 
are produced under conditions identical in all respects except the action 
of the instruments. Comparison of lines A-3 and B-3 also measures the 
limit of instrumental inaccuracy, and this pair of lines is separately 
shown in Figure 2 in order to give a clearer view of them. 

For the purpose of deducting or segregating instrumental errors 
from the total error, a median or average line may be drawn between 
lines A-g and B-4. This median line contains only errors arising 
from the other two possible sources, rotation measurement and behavior 
of the pipe. A similar median between lines A-3 and B-3 serves the same 
purpose. Figure 3 shows the two median lines developed from tests 
3. and 4 and indicates the limits of error arising from inaccurate measure- 
ment of orientation, plus any effect of erratic behavior of the drill pipe. 

Consideration of the magnitude of errors arising from inaccurate 
measurement of pipe rotation is a broad subject, lying entirely within the 
scope of general surveying above the ground surface. The subject is 
adequately covered by many text books and need not be dealt with in 
this paper further than to state that it is simply a problem of accurately 
measuring angles in a horizontal plane. Probably the most accurate 
measurement of horizontal angles is that made in geodetic surveying, 
where a triangulation network is being established at the expenditure of 
almost unlimited time. In view of the narrow margin to which we have 
reduced errors, as shown by Figure 3, it is sufficient to state that the meas- 
urements of rotation made during the present tests were recognized as 
being not absolutely accurate. However, all the results here presented 
are on a uniform basis and are reasonably accurate. While an oil well is 
being surveyed, all of its drilling or producing operations are at a stand- 
still; therefore, time must be economized by sacrificing absolute pre- 
cision. The map shown in Figure 5 suggests the comparatively narrow 
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limits to which compensating errors in orientation may extend. Figure 
4 is presented to illustrate the very great errors which will follow the 
introduction of constant errors, each of seemingly insignificantly small 
dimensions, but repeated at each observation and always in the same 
direction. 

In concluding the discussion of errors in measuring orientation, it 
may be said that the methods used during the series of tests and in com- 
mon practice are sufficiently inaccurate to cover fully all the divergence 
shown in Figure 3 without searching for possible errors due to erratic 
behavior of the pipe. This conclusion is in accordance with that stated 
by Petersson. 

Accuracy in determining vertical distances depends upon tape-line 
measurement of the drill pipe and instrumental measurement of vertical 
angles. The subject demands only brief mention, because correct results 
are readily obtained. There was a variation of less than 1 foot ver- 
tically between results of the two deepest surveys shown in Figure 1. 
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Although the previously outlined tests indicate that the drill pipe 
or tubing upon which an instrument is being operated is not the source 
of appreciable error, it is possible to present other more direct evidence 
to substantiate this conclusion. 

In order to determine the effect of friction between the drill pipe 
and well casing, tests were made to determine how much twist could be 
put into the drill pipe. At test 3 with 54-inch drill pipe, at a depth 
of 4,364 feet, the pipe was turned and the rotation measured both at the 
top and bottom of the string of pipe. When the instrument was first 
landed at the specified depth it was allowed ample time to record its po- 
sition; then the rotary table on the derrick floor was turned almost half 
way round (161°), and the instrument was again allowed time to record 
its position. Next the pipe was lifted through the length of one stand of 
pipe (88 feet) and again lowered to the specified depth and time allowed 
for instrumental recording. The raising and lowering of the pipe was re- 
peated several times. Comparison of measurements made at the derrick 
floor and at the instrument showed that when the pipe was first turned, 
without being raised and lowered, the instrument at the bottom turned 
only 137° while the top of the pipe turned 161°. In other words, a twist 
amounting to 24° was put in the pipe. After the pipe was raised and 
lowered once, the instrument showed that it had turned through the same 
angle as had the top of the pipe. In other words, the raising and lowering 
of the pipe had entirely freed it of twist. Each of the subsequent raising 
and lowering operations showed the same amount of rotation at both the 
top and bottom of the pipe. This result confirms the previously mention- 
ed prediction made by White. 

This test of rotation at the top and bottom of the pipe had previously 
been noticed many times by the writer where check surveys were made 
with a continuous recording instrument while it was being run into a 
well and while it was being withdrawn. Figure 2 shows the record of a 
check or round trip survey made during test 3. This round trip 
record represents ordinary practice during the course of routine survey- 
ing operations and it alone affords a basis of comparison almost as satis- 
factory and convincing as that produced by the more elaborate series of 
tests. 

An example of the results obtained by a duplicate or round trip 
survey is shown by Figure 6. The survey went to a depth of 4,006 feet 
and involved 46 observations or readings, each way. The horizontal 
deflection was 235 feet. The vertical angles increased with considerable 
regularity from zero at the surface to 114° at the bottom. While being 
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withdrawn from the well, the surveying instrument successively occu- 
pied each of the stations at which it had made its record while enter- 
ing the well. It was therefore possible to make 46 comparisons of ro- 
tation of the pipe at both its upper and lower ends. The pipe used 
was 2-inch pump tubing, which is much more flexible than drill pipe. 
The pipe was, for convenience of measuring rotation, frequently turned 
at the derrick floor; consequently, the datum side of the instrument 
faced approximately in the same direction at each station. In other 
words, the instrument, on reaching a certain depth while coming out, faced 
within about 45° of the direction it had previously faced at the same depth 
when descending. During its whole downward course the instrument 
made two complete revolutions horizontally and did approximately the 
same while coming up. A comparison of all these readings showed iden- 
tical action at both top and bottom of the pipe, with only such discrep- 
ancy as would be due to instrumental inaccuracy. The degree of coinci- 
dence of the two series of observations is shown by the courses plotted 
in Figure 6. The data were also compared in other ways and similar 
results obtained. 

Another example of evidence furnished by a duplicated or round- 
trip survey is worth mentioning because physical conditions were con- 
siderably different, although the outcome was the same. A drilling well 
was surveyed to a depth of about 6,300 feet. Drill pipe with an outside 
diameter of 31% inches was used, and casing with a diameter of 65¢ inches. 
The hole was approximately vertical to a depth of about 4,200 feet, the 
inclination from the vertical being less than 3°. Within this distance the 
hole, as disclosed by a plan view, after describing a complete loop or 
spiral, having a diameter of approximately 4o feet, struck off in a com- 
paratively constant direction. The part of the well below 4,200 feet, 
where the direction of its course was rather uniform, had a peculiar 
vertical profile, first flattening out to a vertical angle of about 14°, then 
straightening again until the inclination was only about 3°. While 
going into the well, the instrument turned around three times, due to the 
influence of the hoisting cables, and while coming out it completed four 
revolutions. Hence the instrument during its upward course was only 
once facing in the same direction that it had been while descending. Ob- 
servations on the upward trip were discontinued at a depth of about 
1,500 feet, making available 54 duplicated readings of inclination and 
direction. The horizontal discrepancy between the two surveys was 16 
feet, and a comparison of readings, as in the preceding example, showed 
identical rotation of both ends of the drill pipe. 
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It has been suggested that pipe would develop a twist simply by be- 
ing hung up in a long string. The possibility of this has been tested and 
the test failed to develop any evidence to support the theory. If such 
an action did take place it would be counteracted in the course of ordinary 
surveying operations, which put full weight on the pipe before measuring 
for orientation. 

In conclusion, it can be safely asserted that the surveying of bore 
holes by means of orientation from the surface is a method sufficiently 
accurate to meet the needs of the petroleum industry. As a corollary, it 
must be borne in mind that, as the entire operation is one involving 
precision, it assumes adequate equipment in the hands of a thoroughly 
informed and competent observer. 
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CROOKED-HOLE PROBLEMS IN THE GULF COAST DISTRICT: 


P. C. MURPHY? and SIDNEY A. JUDSON:; 
Houston, Texas 


ABSTRACT 


Methods of surveying to determine the amount and direction of deviation from 
the vertical have been adopted in the Gulf Coast district during the last 18 months. 

The amount of deviation is determined by using acid bottles or clinometers; of 
direction, by using a clinometer in combination with a magnetic compass, or by using 
the oriented drill-pipe method. The results of these last two methods are in approx- 
imate agreement. 

The productive zone on the flanks of salt domes is so narrow that the position 
of the bottom of all wells should be known. Many operators survey al! wells and cor- 
rect those which are exceedingly crooked. 

Well surveys aid the geologist to interpret correctly the complicated geologic 
structure, and to make new locations more accurately. 
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INTRODUCTION 


The general practice of crooked-hole surveying in the Gulf Coast dis- 
trict was introduced in the latter part of 1928 by one of the operators, 
who used the method of obtaining deviations from the vertical by low- 
ering into wells glass bottles partly filled with hydrofluoric acid, which 
method was adopted by several of the other companies. To increase 
the speed and accuracy of surveys, various types of clinometers were 
developed. A few operators also orient the drill pipe when clinometers 
are run into the hole, to determine the direction as well as the amount of 
deviation. One company successfully uses a recording magnetic compass 
for direction, combined with a mechanical device for determining devia- 
tion from the vertical. Another apparatus consists of a cylinder con- 


"Read before the Association at the New Orleans meeting, March 21, 1930. Man- 
uscript received by the editor, March 3, 1930. 
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taining a magnetic compass floating in melted wax. The wax solidifies 
when left in the well a sufficient time, and holds the compass fixed in 
the wax. This method has not been extensively used. 


SURVEY METHODS SHOWING AMOUNT OF DEVIATION FROM THE VERTICAL 
RECORDING FLUID LEVELS AND RECORDING CLINOMETERS 


The method of survey with hydrofluoric-acid bottles, as used in the 
Gulf Coast district, is similar to that described by F. H. Lahee,' with the 
exception that in many wells the containers holding the bottles are run 
into the hole in special tool joints spaced at desired points in the drill pipe. . 
The advantages of the acid-bottle method consist in its simplicity and 
positive action. A considerable disadvantage is the length of time the 
bottles must be left in the hole to etch the glass properly without permit- 
ting circulation of the mud or movement of the drill pipe. This leads to 
the danger of unconsolidated formations caving into the hole and neces- 
sitating a fishing job. 

{The instruments of the recording-clinometer type are generally 
equipped with timing devices to secure readings at regular intervals. 
They are placed in fluid-tight cylinders designed to resist the high pres- 
sures found in deep mud-laden holes, and are run into the hole on the end 
of the drill pipe and stopped for short periods of time at the depths at 
which the readings are desired. Ordinarily, the time between successive 
readings is 5 minutes. The advantage of this method over the acid- 
bottle method is that many successive readings are possible and a com- 
plete survey of the hole may be made with one run of the instrument. 
The short time that these instruments remain in one position greatly 
reduces the danger of the drill pipe becoming stuck. In addition, the 
connection with the bottom of the drill pipe is so designed that circula- 
tion is possible between readings, although in actual practice this is sel- 
dom required. These instruments may also be used in directional sur- 
veys in which the drill pipe is oriented. 


SURVEYS SHOWING DIRECTION AND AMOUNT OF DEVIATION FROM THE 
VERTICAL 


RECORDING MAGNETIC COMPASS AND CLINOMETER 
One company uses, in uncased holes, a compass that automatically 
records magnetic north and south at the same time that the inclination 
of the hole is registered by mechanical means. Only one reading can be 
taken in one run by each instrument, but several instruments can be run 


"Bull. Amer. Assoc. Petrol. Geol., Vol. 13, No. 9 (September, 1929), p. 1095. 


4 


CROOKED-HOLE PROBLEMS ON THE GULF COAST 597 


into the hole at the same time with their timing devices set to register at 
different times. The instruments may then be moved up or down be- 
tween readings, and records from several depths may be obtained with 
one run. The instruments are enclosed in a fluid-tight, non-magnetic 
metal cylinder and are run on the bottom of the drill pipe, but separated 
from it by a spacing nipple of non-magnetic metal at least 1o feet in 
length. Readings with magnetic compasses taken with different instru- 
ments at the same depth ordinarily check each other for direction within 
1° to 7° when the hole makes an inclination with the vertical exceeding 
2°. The accuracy is not limited by the compass reading, but by the de- 
gree of precision of the clinometer. 


ORIENTING DRILL PIPE 


Orienting has been used extensively in California and occasionally 
in the Mid-Continent. Recently a few operators are using it in the Gulf 
Coast district, some with satisfactory results. When orienting the drill 
pipe, coastal operators make use of various types of clinometers which 
record at regular time intervals. The clinometer is placed on the bottom 
of the drill pipe and the rotation of the drill pipe is measured as the in- 
strument is lowered into the hole. The direction of the hole with relation 
to a north and south line can then be computed. 

The accuracy of surveys with the oriented drill pipe has been ques- 
tioned on account of supposed torque in the drill pipe as it is lowered 
into the hole. Table I compares typical examples of the directions ob- 
tained in uncased holes by orienting the drill pipe, with the directions 
recorded at approximately the same depths by the magnetic compass. 

The wells listed in Table I are all on the flanks of salt domes and are 
reasonably straight. The four examples given in the table show an aver- 
age difference of 0.25° per 100 feet. The directions obtained by the ori- 
ented drill-pipe method differ ordinarily slightly in a clockwise direction 
from those obtained with the magnetic compass. The compass readings 
are believed to be essentially accurate, and the results of orienting to 
be slightly in error, although not enough to detract from the practical 
value of the method. It should be noticed that several slightly different 
methods of orienting drill pipe are in use, and that the various mechan- 
ical conditions imposed by these several methods will probably produce 
results which vary slightly from one another. Accordingly, each method 
should be checked against compass readings to determine the individual 
factor of variation. The practice used here is to obtain compass records 
at least every 1,000 feet in an uncased hole and correct the oriented 
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TABLE I 


COMPARISON OF ORIENTED DrILL-STEM SURVEYS WITH MAGNETIC-CoMPAss READINGS 


Oriented Drill Pipe | Magnetic Compass | Variation of Oriented| Variation 
Method from per 
Magnetic Compass | 100 Feet 


Portion of | Computed Amount 

Well Hole | Direction | Depth in | Recorded in Direction | Degrees 
Number | Included | of Bottom| Feet Direction | Degrees 
in Survey| Reading 


I Surface to Clock- 

4,176 |N.81%W.) 4,105 S. 84 W. 14% wise 34 
I 4,176 to 

5,112 |N.88W.| 5,179 | N.88W. .00 
2 Surface to Clock- 

2,208 S. 64 E.| 2,207 S. 70 E. 6 wise .27 
2 2,208 to Clock- 

2,962 S. 54 E.| 3,006 |S. 51 E. 3 wise -39 


survey to agree with the compass readings. As a compass of the 
ordinary type will not give correct readings in a hole that has been cased, 
the oriented drill-pipe method is used in such wells. The results are 
then corrected by using the factor of variation between oriented read- 
ings and magnetic compass records that have been previously determined 
by surveying many uncased wells by both methods. 


RESULTS OF SURVEYS 


The first surveys of wells indicated to the operators that the average 
hole diverges considerably from the vertical and that the deflection of a 
hole 5,000 feet deep might be as much as 400 feet. Surveys with instru- 
ments which measured the amount, but not the direction, of deviation 
from the vertical, showed that the crooks ordinarily started at the point 
where the bit reached hard or broken formations dipping at steep angles 
just below soft formations. If thick shales were found beneath the hard 
formations, the holes continued to make an angle with the vertical, but 
ordinarily a smaller angle. A survey of the type mentioned showed 
whether the hole was straight or crooked, but it did not explain why 
adjoining wells with small angles of deviation would differ greatly in 
depth to the pay sand. The average range in width of production of a 
single member of a sand body on the flank of a dome is only 150 to 500 
feet. In deep wells this narrow zone may be missed by wells making 
only small angles with the vertical, provided the direction of the well is 
directly toward or away from the dome. 
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It was first thought that most crooked holes went down dip and 
away from the salt dome, but the surveys indicated that this could not 
be true. Directional surveys were clearly needed, and a few operators 
adopted instruments and methods for this purpose. Both recording 
magnetic compasses and the oriented drill-pipe method were used for 
determining direction. 

The directional surveys obtained by these methods show that crook- 
ed holes are about equally likely to go down dip away from the dome, 
up dip toward it, or clockwise along the periphery of the dome, or any 
combination of these three directions, but that few holes go in a counter- 
clockwise direction along the flank of the dome. It is found that if a 
hole becomes very crooked and takes a certain direction, it ordinarily 
continues in that general direction as long as it keeps the same approx- 
imate angle of inclination. However, if such a hole tends to become 
vertical for a short distance and becomes crooked again, it ordinarily 
takes a different direction. 

Figures 1 and 2 show surveys of typical flank wells on a salt dome 
by the oriented drill-pipe method, checked with a magnetic compass. 
Figure 3 is a survey of a typical well on a structural coastal field. 


DRILLING PRACTICE TO KEEP HOLES STRAIGHT 


Current articles in oil-field technical publications give in detail the 
different methods used to drill holes as nearly straight as possible. The 
methods used in the Gulf Coast district are similar to those used in the 
oil fields in other parts of the United States having similar formations. 

The permissible total deviation from the vertical in wells on the 
flanks of salt domes is governed principally by the width of the producing 
zone. Wells that make an average deviation of 4° are generally consid- 
ered crooked, and a few operators endeavor to keep their wells within a 
2° average. 

The following list includes most of the methods generally used for 
the purpose of drilling straight holes. 

1. Control of the weight applied to the bit. 

2. Various types of reamers and guides used to keep the drill stem 
in the center of the hole for the first too feet above the bottom. 

3- Use of large size drill pipe near the bottom to stiffen and give 
added weight to the drilling string near the bit. 

4. Selection of different types of bits adaptable to the formations 
encountered at various depths. 

5. Regulation of mud-pump pressures. 
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Fic. 1.—Horizontal projection of a survey of a flank well on a Gulf Coast salt 
dome. The oriented drill-pipe method was used and was checked for direction at the 
bottom with a magnetic compass. 
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Ftc. 3.—Horizontal projection of a survey of a well in a structural field in the 
Gulf Coast region. The oriented drill-pipe method was used. 


CORRECTING HOLES 


The main purpose of drilling is to reach a productive sand rather 
than to drill a straight hole. The position and width of the oil zone 
can ordinarily be determined in producing areas by the surveys of near- 
by wells. If the survey shows a well to be crooked, particularly while 
yet at a shallow depth, it should be straightened if the crook is very large, 
or if it is in such a direction that the well would miss the productive 
sands. If the hole is only moderately crooked, however, and its direction 
is such that it will probably reach the sand in a productive position, 
drilling should be continued without re-drilling the hole to correct it. 

On the assumption of a dome with flank production from a single 
sand body 300 feet wide with wells 5,000 feet deep, it will be seen that a 
well whose starting point at the surface is directly over the middle of the 
pay zone would miss production by 190 feet if the well goes directly 
away from the dome at an average angle of 4°. If it goes directly toward 
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the dome at the same angle, it would probably hit the intrusive salt 
body. If this same well, however, were to go directly along the per- 
iphery of the dome in either a clockwise or counter-clockwise direction, 
considered from the center of the dome, it would reach the sand at a 
productive level. 

In correcting holes, several types of problems are found. The most 
common problem is that of straightening an uncased hole which is either 
very crooked or which, though only moderately crooked, would miss 
the producing horizon on account of the unfavorable direction in which 
the hole is going. The common method is to fill the hole with cement from 
the bottom to the point where it is desired to straighten it, or if the hole 
has been drilled much deeper than the crook, the top of a cement bridge 
is placed just above the bend. The hole is then re-drilled slowly, begin- 
ning at the top of the cement, and the new hole has a fair chance to be 
nearer the vertical than the previous hole. 

It may become necessary to straighten a hole that is already cased, 
or to change the direction of a crooked hole that may be either cased or 
uncased so that it will go toward the productive sand. One method 
used is to orient a whipstock into the hole with its inclined side so directed 
that the bit will tend to sidetrack the hole in the desired direction as 
drilling proceeds. In the Gulf Coast district a few attempts have been 
made to use this method, but it has not been sufficiently developed for 
its merits to be determined under the conditions that exist here. 


COST OF SURVEYS AND DRILLING WELLS STRAIGHT 


The cost of surveying wells consists of the actual cost of the surveys 
themselves plus the loss of drilling time while surveying. 

The direct and indirect costs of making separate directional surveys 
with every 500 feet of additional hole amount approximately to 2 or 3 
per cent of the total cost of a producing well. The increased cost due to 
the changes in drilling practice in order to keep a hole straight, and the 
cost of straightening a crooked hole, ordinarily range from 5 to 10 per 
cent of the total cost of the hole, depending upon the work required to 
correct possible crooks in the hole. 


ADVANTAGE OF STRAIGHT HOLES 


Several advantages are gained in the Gulf Coast district by drilling 
holes straight. The principal one is in nearly eliminating dry holes in 
proved territory where the position of the narrow productive zone is 
known from surveys of previous wells. These surveys give the expected 
horizontal drift of a well between the surface of the ground and the pro- 
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ductive zone. With these data, well chosen locations for new wells can 
be made. 

Directional surveys assist in the equal spacing of wells at the level 
of the producing sand. This gives a more thorough drainage, and ac- 
cordingly a higher recovery per acre and per well. Formerly a dry hole _ 
would tend to stop drilling operations from extending around the peri- 
phery of a dome beyond the dry hole. A survey should be made of the 
dry hole, and if it is found that the hole is crooked and that the bottom 
is not in trend with the productive zone, drilling should be continued 
around the dome past the dry hole. 

Straight holes reduce the number of fishing jobs and facilitate the 
recovery of the “fish.” They also reduce the hazard of accidentally 
sidetracking the hole when reaming or fishing. 

Lifting costs are lower if wells are straight, as there is less fric- 
tion and accordingly an increase of pumping efficiency and longer life 
of equipment with straight holes as compared with crooked holes. 


SUMMARY 


The results during the last 18 months of well surveying in the Gulf 
Coast district indicate that straight-hole practice tends to decrease the 
number of dry holes and the total number of wells necessary for proper 
drainage. It increases the average production per well and lowers the 
lifting costs. However, it adds 1-10 per cent to the drilling costs, but 
this is warranted by the advantages obtained. The speed and accuracy 
of the surveys are being rapidly improved, and it seems probable that 
the surveying of deep wells and the straightening of crooked holes will 
gradually become an established practice in the Gulf Coast district. 


DISCUSSION 


W. W. Scott, Houston, Texas: Murphy and Judson give an excellent 
summary of the status of the crooked-hole problem in the Gulf Coast district. 
The measurement of crooked holes and the problem of drilling straight holes 
has not been as actively followed in this district as in other places such as 
Oklahoma and California. However, the Gulf Coast district has kept pace with 
the progress in drilling straight holes and in the technique of detecting devia- 
tion. The matter of measuring crooked holes and drilling straight holes should 
be considered according to the following general types of work: (1) wildcat 
drilling, (2) restricted sand areas, and (3) drilling in fields of large areal extent. 

Wildcat drilling —All wildcat drilling is for the purpose of discovering 
oil or of obtaining geological information. In this type of work it is important 
that instruments be used that will measure the deflection of the hole correctly, 
and accurately locate the position of the bottom of the hole. 
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At present we do not have any instrument, with the possible excep- 
tion of the outfit using the Sperry gyroscope, that will accurately de- 
termine the position of the bottom of the hole. With most instruments 
we are not sure of obtaining a reading that is representative of the deflection 
of a hole. I recall check runs made with an inclinometer, which employs the 
principle of photographing the meniscus of fluid in glass cells. This instrument 
is very accurate in measuring angles of deflection. The outfit was 6 inches in 
diameter and was run in a hole 9 % inches in diameter. Check runs at the 
same depth gave readings that varied as much as 2°. This was due to the 
fact that the instrument came to rest at different positions in the hole. If we 
desire to drill holes with less deflection than 2°, it is important that instruments 
and equipment be constructed that will give a reading which is representative 
of the angle of deflection of the hole. 

Restricted sand areas.—In restricted sand areas such as are encountered in 
some Gulf Coast fields, it is important that measuring equipment be accurate 
and the hole be drilled with a deflection of not more than 2°, and this amount 
may be excessive for some fields. I do not think the equipment we are now 
using for orientation of the bottom of the hole is of sufficient accuracy. I refer 
to the magnetic compass and the orientation of the drill pipe described by 
Murphy and Judson. 

Production in large areas.—In fields where production is not restricted to 
small areas, our present-day methods of drilling are satisfactory to finish wells 
where deflection will not be greater than 3° or 4°, and the instruments used for 
measuring are entirely satisfactory. 

Much progress has been made during the past 2 years in mechanical 
methods for drilling straight holes and it has been demonstrated that with 
proper equipment and supervision straight holes can be drilled. Therefore, 
if proper equipment and methods of drilling are adopted, and the hole is 
checked for deflection as it is being made, there will be no necessity for 
well-measuring equipment to determine the exact position of the bottom of 
the hole. Most companies are now following this line of procedure. 

In practice the program is to check the hole at fixed intervals so that 
serious deviation may be corrected before additional hole is made. Instruments 
used for this purpose are generally of the acid-bottle type. At present there 
are two makes of outfits which are designed for this work. ‘The acid-bottle 
is placed in the so-called ‘Go-Devil”’ which is dropped through the drill pipe 
and comes to rest just above the bit. In a hole 3,500 feet deep it will take the 
““Go-Devil” about 6 or 7 minutes to reach bottom, and then it will require 
about 10 minutes for etching. ‘This requires very little loss of time because 
these are usually run just previous to pulling out the drill stem to make a change 
in bits. It is the common practice to circulate for 15 or 20 minutes before pull- 
ing out, and during this operation circulation can be maintained. The acid 
bottle can be run during this period and requires very little additional time and 
no additional supervision. 

The cost of measuring holes for crookedness as reported by Murphy and 
Judson appears to be high, although I have no definite information to dispute 
it. With present-day practice it occurs to me the wells can be measured at 
very little additional cost. 
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HOW OLD IS PETROLEUM GEOLOGY? 


It is generally assumed that although a few geologists may have 
known, previous to the classic papers by the late I. C. White(37), that 
oil and gas fields ordinarily are related to anticlines, little effort was 
made to utilize this information. In a historical review of early theories 
regarding the origin and accumulation of oil(38), M. R. Campbell ex- 
presses astonishment that between the time of the drilling of the Drake 
well in 1859, and the paper by White in 188s, little was written by 
geologists and seemingly they were giving little thought to the subject. 
This surprise is natural, for it was during that period that the first great 
oil development occurred, with the opening of prolific fields not only in 
Pennsylvania, but also in Ohio, Virginia, New York, and Ontario, and 
with the excitement resultant upon these discoveries geologists must 
certainly have been stimulated to activity. 

In an old volume of Harper’s New Monthly Magazine for 1863(14) 
the writer happened recently to find an article which cast a somewhat 


different light on the geological activities of this period. Published 


anonymously, a reference in the text to “....my brother, Professor 
y y 


W. B. Rogers” indicates without doubt that it was written by Henry 
D. Rogers, who was the first state geologist of Pennsylvania, serving 
from 1836 to 1842, at which time the Survey was abolished. 

The paper is entitled “Coal and Petroleum.” After discussing in 
some detail the occurrence, nature, and origin of coal, Rogers turns his 
attention to “rock oil or petroleum,” treating of it in similar manner. 
He concludes that the petroleum originated, not in the coal-bearing 
rocks, but more probably in black carbonaceous shales in the older 
rocks. He mentions specifically the Utica, Marcellus, and Genessee 
shales, pointing out that all are known to be bituminous at their outcrops, 
and that they appear to underlie the oil-bearing areas. 

On page 262 appear the following significant paragraphs. 

There is indeed a law of gradation in the increase of the proportions of 
the hydrocarbons to the free or solid carbon, so universal and steady for change 


of locality, from the Southeast toward the Northwest for any traverse or 
section across the coal-fields, that it is practicable, within trivial limits of error, 
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to foretell the quantum of coke or gaseous matters the coal will yield by merely 
knowing what we may term its geological longitude from the line or axis of total 
debituminizaticn or complete conversion into anthracite. And it is pertinent 
to our argument here to note, that not only must we traverse across the first 
fields a given distance of many miles, before we can meet in the coal beds them- 
selves an assignable amount of the hydrogenous ingredients, but we must 
go a still further distance ere we encounter any marked indications or displays 
of the corresponding petroleums and carbureted hydrogens issuing from the 
general strata of the country. It is not in fact until we are almost half-way 
across the great Appalachian basin, in Pennsylvania and Virginia, where its 
coals are already more than half (italics mine. J. V. H.) endowed with the full 
share of their bituminous matters, that we fairly enter for the first time on the 
wide territory so marked by tracts or belts of gas springs and petroleum.... . 
How unmistakably does this curious gradation indicate that the coal measures 
at least, and we can not but include the other formations underneath them, 
must all have undergone at some crisis, or during some long period, a widely 
diffused and graduated or locally modified and attempered distillation or ex- 
pulsion of the gaseous ingredients of the carbonaceous strata! This change 
was an almost total discharge of the volatile matters along the eastern most 
heated and convulsed zone, with a less and less complete displacing of them 
from the coaly or carbonaceous beds in the regions further west 

The hypothesis here suggested, namely, that the volatile hydrocarbons 
were distilled, as it were, from out the low-lying carbonaceous strata, into the 
pores and fissures of the over-resting ones, receives strong confirmation from 
the fact that the elsewhere bituminous shales of the Silurian and Devonian 
ages, deep under the coal, are altogether as much desiccated and debitumin- 
ized everywhere in the districts contiguous to the anthracites as the coal beds 
themselves... . . 

Now the gradation in the quantity of the volatile matter in the coal is 
upon a general scale very nearly in proportion to a gradation which prevails 
in the openness or gentleness of these flexures of the crust. As already stated, 
the anthracite or non-bituminous coal belongs to the most disturbed ranges 
of the Allegheny chain, and the basins where it has the least amount of gas, 
seldom more than six per cent, are those where the strata show the boldest 
flexures and the greatest dislocations. The semi-bituminous coals are em- 
braced in all the wider, deeper troughs, in the undulated crust, which hold a 
line more to the northwest, but parallel to the anthracitic ones. In them the 
volatile matter in the coal is generally from eighteen to twenty per cent., and 
the strata or coal measures, ranging along the southeast edge of the great table- 
land of the Allegheny Mountains, are nowhere undulated in steep flexures or 
intersected with dislocations of magnitude. Still further westward, where the 
last really conspicuous great anticlinal and synclinal flexures of mountain 
magnitude disappear, the coals contain of volatile matters as large an amount 
as thirty or thirty-five per cent. Westward again of this line, as along the 
borders of the beautiful Monongahela River, where the stratification is almost 
horizontal, and there is a nearly total absence of faults, the average is as high 
as forty per cent. While still further on toward the western border of the field, 
where the undulations in the rocks are extremely broad and gentle, the quan- 
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tity of volatile ingredients in the coal ascends to forty-five, and even to fifty 
per cent., varying with local circumstances... . . 


It appears obvious that in the foregoing paragraphs Rogers has 
outlined very clearly the fundamental principles of the carbon ratio 
theory, as stated in a much more complete manner by David White, in 
1915. Some of the terms used are now obsolete, and the phraseology is 
rather involved, but of the meaning there can be no doubt. 

But not only did this early worker recognize the relationship between 
carbon ratios and occurrence of oil. Witness the following extracts, 
written only four years after the completion of the Drake well. 
....throughout all the western borders of the great coal-field, where the 
general flatness of the coal-rocks is only at wide intervals interrupted by nar- 
row, but long and sometimes rather sharp anticlinal waves, the more copious 
emission of the rock-oil and the native gases is found to be chiefly restricted 
to the tracts occupied by the crests and sides of these local billows in the strata. 
It was long ago, before 1840, noted by my brother, Professor W. B. Rogers, in 
his geological survey of Virginia, and was observed and made known by myself 
in my own similar exploration of Pennsylvania, that nearly all the localities 
of abundant and comparatively permanent Artesian salt-wells or artificial 
brine-springs, with their almost invariable concomitants, the liquid and gaseous 
hydrocarbons, were situated upon, or nearly coincident with, the artificial 
archings of the strata. This was seen on the Kanawha by him, and on the 
tributary rivers of the Allegheny and Ohio by myself... .. 

....At an early period in the geological survey of Western Pennsylvania 
it was apparent that an anticlinal arching of the strata ranges under the lo- 
calities which are now so rich in Petroleum on Oil Creek near the Allegheny 
River. 


Rogers clearly had recognized the fact that the oil and gas springs, 
as well as the early oil fields, were almost invariably located on anti- 
clines, and this only a few years after the first fields were opened. He 
was, it is true, rather mistaken according to present day concepts, re- 
garding the manner in which the oil and gas formed and accumulated, 
having been led to the conclusion that great heat was necessary to the 
process, and that heated waters and steam were the transporting agents. 
But in the accuracy of his observations, and his conclusions drawn di- 
rectly therefrom, one can find little to criticise. 

The relationship between thermal springs and anticlines was brought 
out in a paper published by W. B. Rogers in 1843(1), having been read 
the preceding year. Careful reading of this paper fails to reveal any 
mention of the association of hydrocarbon gases with the waters of these 
springs. In the foregoing excerpt, H. D. Rogers says that the association 
of thermal springs, gas and oil springs, and anticlines was also ‘‘made 
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known by myself,” but does not specify the manner nor the place. It is 
possible that he refers to some unpublished address on this or a related 
subject, inasmuch as in his writings he frequently refers to such addresses. 
At a meeting of the Glasgow Philosophical Society on December 
13, 1865, there was read a paper(26) entitled “On Petroleum,” which 
was designated as having been sent from Boston by H. D. Rogers. He 
gives a rather long description of the oil wells, ventures some opinions 
as to the cause of flowing wells, quotes many figures on production of 
various fields, and describes the stratigraphy of the oil region, but for 
some reason says nothing definite regarding the origin or mode of accu- 
mulation. Suggesting that in the near future he will present a paper 
setting forth fully his views regarding the geology, he says: 
Meanwhile, permit me to recall to your notice what I put in print upon 
this topic in May, 1863, in the magazine called Good Words. You will find 
there a general synopsis of my views, but I trust to be able, at a not remote 
future day, to apply the generalizations there adventured to the elucidation 
of most of the phenomena descriptively set before you in the present essay. 


Rogers’ first published description of the gradation in volatile 
matter of coals and the explanation of the phenomena will be found in 
his “Geology of Pennsylvania’’(4) on pages 808 and 995. Recognition 
of the relationship existing between this gradation and the occurrence 
of oil seems to have promptly followed the discovery of oil ‘2 Pennsyl- 
vania. 

The papers of T. Sterry Hunt and E. B. Andrews (see bibliography) 
have been often quoted. Hunt seems to have recognized -learly the 
relationship of oil and anticlines; Andrews believed that the association 
was due to the presence of more faults along the crests of anticlines 
than in undisturbed strata. Both considered the presence of faults or 
fissures necessary to migration, but Hunt only seems to have recognized 
that pore spaces alone constituted a sufficient reservoir. 

Meantime Sir William E. Logan(2, 11) recorded the association of 
oil springs with an anticlinal axis in Gaspé. Professor E. W. Evans(r15) 
called attention to the fact that all the productive fields of West Vir- 
ginia were located on a great anticline some 35 miles in length. An- 
drews, 5 years after his original paper, recognized(27) in 1866 that the 
fields of West Virginia and southern Ohio are located along the axis of 
an anticline, but still adhered to the view that the presence of fissures 
has been the dominant factor in localizing them. 


In 1864, Alexander Winchell reported (seemingly for some com- . 


mercial interest, as he was not at that time connected with the State 
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Survey) on an area in St. Clair County, Michigan, designated as the 
“Baker Tract, near Lakeport.’’ This report is not available, but from 
a rather full abstract(23) a good idea of his views may be gained. The 
oil is considered to have been produced from black shales by slow dis- 
tillation, and to have collected only where 

the shales are covered by an impervious layer, as of shale or plastic clay, the 
oil and gas elaborated are retained in the rocks, filling cavities by driving the 
water out by elastic pressure, and saturating porous strata embraced in the 
formation, or intervening between it and the impervious cover above. 

Slight undulations are liable to exist in all strata so nearly horizontal as 
those of the two peninsulas [presumably Michigan and Ontario]. The volatile 
emanations from the strata would therefore accumulate under the highest 
arches. Possibly one of these arches runs nearly north and south through the 
Canadian region, from Bothwell to Petrolia and beyond, while another under- 
lies the district of petroleum manifestations (oil and gas in the drift) on the 
Michigan side of the river. 

In the transverse section across the strata, already referred to, an attempt 
has been made to show in what way the oil bearing rocks may rise in two or 
more gentle undulations, thus inducing the oil and gas to accumulate along 
geological axes, and become restricted to belts of country of limited width. 


It has been stated repeatedly that the anticlinal theory was first 
formulated by Oldham’ as a result of observations in Burma in 1855. 
Sidney Powers informs me that he has seen the original reference(3) 
from which these statements are derived, and has kindly furnished the 
following note. 

Thomas Oldham, in 1855, visited the Yenangyaung field of Burma and 
failed to recognize the anticline or the relationship between the presence of 
oil and geologic structure. A few days later he saw the anticline of the Tangyi 
hills and the oil seepages, and predicted, on the basis of seepages from the same 
geologic formation as at Yenangyaung, “that this petroleum will hereafter be 
found to exist in sufficient abundance to repay its extraction.” This anticline 
is now the Yenangyat oil field, one of the most important in Burma. 


It seems clear that this statement, even if it were available to 
geologists in this country, could not have been the germ of the anticlinal 
theory. 

Another early publication, so far as known not listed in any bibli- 
ography, also deserves mention here because of the light which it sheds 
on the state of knowledge of petroleum geology at that time. This is a 
pamphlet of 16 pages, entitled “Report on the Petroleum Indications 
at Cheverie, Hants County, Nova Scotia. In Reference to the Proba- 
bility of a Permanent Supply being Reached by Boring,” by Henry Y. 


"E. W. Shaw, Econ. Geol., Vol. 13, p. 219. 
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Hind, M. A. It was published in Windsor, Nova Scotia, by C. E. De- 
Wolfe in 1871. The writer’s copy of this report was obtained through 
the kindness of H. A. Harley, of Windsor, Nova Scotia, son-in-law of 
Henry Hind. 

The presence of oil in the cavities and joints of the gypsum and 
anhydrite quarried near Cheverie led to the organization of a company 
to search for a commercial supply, and Hind was commissioned to ex- 
amine the area. Thus his report probably constitutes one of the earliest 
known efforts to select a drilling site by means of geological work. For- 
tunately the report is very complete, and gives an excellent idea of the 
state of knowledge at that time (1871). The following subjects are 
discussed. 


Introduction 

Sketch of the Geological Relations of Petroleum 

Oil from Carboniferous Rocks 

Oil from Devonian Rocks 

Indications of the Presence of Oil in Underlying Strata 
Conditions Required to Render a Flow of Oil Probable 
Supposed Origin of Petroleum 

Age of the Rocks at Cheverie 

Structure of the Rocks at Cheverie 

10. Evidences of the Existence of Oil at Cheverie 

11. Probable Source of the Oil at Cheverie 

‘12. Directions in Which Explorations Should be Made 

13. Summary 


Hind states on page 5, 


....it must be borne in mind that the occurrence of oil in this Province in 
remunerative quantities is yet unknown; that the search for it involves a con- 
siderable outlay of capital; that its distribution and accumulation is governed 
by certain laws, now lolerably well known; and that if found in quantity it 
instantly becomes a source of wealth to the explorers, and may soon become 
a very important item in the mineral production of the province. 


Again on page 7, 


Where there are several anticlinal folds parallel to one another, the productive 
wells are always found on the axis, the intervening synclinals being barren, 
owing doubtless to the absence of fissures, the rocks in the valley, or synclinal 
fold, being more compressed. 


He also quotes E. B. Andrews (Amer. Jour. Sci., July, 1866) as 
authority for the statement that 


By far the larger portion of the oil produced in West Virginia and Southern 
Ohio has been found along the axis of a well-marked anticlinal fold extending 
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from the borders of Southern Ohio forty miles or more into West Virginia, 
through Wood, Ritchie, and Wirt counties. Scarcely a barrel has been obtained 
in horizontal rocks, although hundreds of thousands of dollars have been ex- 
pended in the search. 


On page 9, 


It is also to be observed that in some very important instances no surface 
indications were visible, and the finding of the oil was the result of borings 
for brine-springs, coal, etc., or for oil, guided by the geological structure and age 
of the rocks. Strata of a certain geological age, and of a particular horizon, 
and distinctly arranged in an Anticlinal form so that fissure receptacles may 
permit of the accumulation, being the only guides which led to very successful 
results. 


After describing rather fully the stratigraphy, structure, and sur- 
face indications of oil at Cheverie, Hind concludes that the conditions 
necessary to accumulation are fulfilled, and suggests that test wells be 
drilled on certain anticlines in that area. He seems to have been fully 
cognizant of the importance of anticlinal structure, and of the necessity 
for the presence of an impervious shale or other sealing beds overlying 
the source rocks,’ and to have recognized that seepages in indurated 
rocks are very unsafe guides to prospecting. He believed that fissures 
were necessary for accumulation, also that the oil was of local origin. 

The foregoing quotations seem to justify the conclusion that within 
a few years after the drilling of the Drake well, in 1859, several geologists, 
and perhaps many, had recognized the fact that oil occurs chiefly on anti- 
clines, that it should not be sought for in synclines nor in areas of undis- 
turbed strata; that it probably originated in beds of bituminous shales 
rather than in coal beds, and that accumulation could take place under 
favorable structural conditions only where an impervious cover was 
present. In other words, their views in these respects would be quite 
orthodox to-day. Furthermore, it seems evident that even before 1871 
geologists had been successfully engaged in the search for oil, and that 
this success was generally known to other geologists. 

Evidence that the anticlinal theory not only had been in use, but 
that disputes had arisen over its validity, is furnished by a statement of 
one of its chief opponents. In his annual report for 1880, J. P. Lesley, 
then head of the Second Geological Survey of Pennsylvania, says(36): 

The supposed connection of petroleum with anticlinal and synclinal axes, 


faults, crevices, cleavage planes, etc., is now a deservedly forgotten superstition. 
Geologists well acquainted with the oil regions never had the slightest faith 


‘Apparently first pointed out by Alexander Winchell, in 1865. 
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in it, and it maintains its standing in the popular fancy only by being fostered 
by self-assuming experts who were not experienced geologists. 


The foregoing was written during the period (1875-84) in which 
I. C. White served as assistant on the Pennsylvania Survey. As Camp- 
bell has pointed out(38), none of the reports of the Lesley survey men- 
tions the anticlinal theory, and all studiously avoid any consideration 
of the mode of accumulation. 

In much of the Appalachian region where oil development was 
carried on during the early period considered, the folding is relatively 
pronounced, and most of the structure easily determined, hence a high 
degree of geological skill was unnecessary and no doubt many operators 
were able to get along without geological advice. Nevertheless, it seems 
extremely probable that many people were consciously using the geo- 
logical data here set forth, and certainly known to most members of 
the profession at that time. It remained, however, for I. C. White to 
put in clear and concise form, with ample supporting evidence, the theory 
as it is now known, and furthermore to apply it widely and with undoubt- 
ed success. 

Rogers’ early recognition of the carbon ratio theory, however, 
seems never to have been noted, and his idea remained unused. That 
this was due wholly to the fact of its anonymous publication in a non- 
scientific journal can not be questioned. 


J. V. HOWELL 
300 NortH FourtH STREET 
Ponca City, OKLAHOMA 
March 14, 1930 


BIBLIOGRAPHY 
(Asterisk denotes references seen by writer) 


1. W. B. Rogers, “On the Connection of Thermal Springs in Virginia 
with Anticlinal Axes and Faults,” Trans. Assoc. Amer. Geol. and Nat. 1840-42 
(1842).* Reprint, Geology of the Virginias (Appleton, 1884), pp. 577-97. 

2. Sir Wm. E. Logan, Can. Geol. Survey Rept. of Progress, 1844 (1846).* 

3. Thomas Oldham, “Notes on the Geological Features of the Banks of 
the Irawadi and of the Country North of Amarapoora,” in Henry Yule’s 
A Narrative of the Mission Sent by the Governor-General of India to the Court 
of Ava in 1855 (1855), Appendix I, pp. 313, 320 (quoted).* 

4. H.D. Rogers, Geology of Pennsylvania (1858).* 

5. J. S. Newberry, “On Rock Oils of Ohio,” Ohio Agricultural Report 
(1859).* 

6. H. D. Rogers, “On the Distribution and Probable Origin of the Pe- 
troleum or Rock Oil of Western Pennsylvania, New York, and Ohio.” Phil. 
Soc. Glasgow Proc., Vol. 4 (1860), pp. 355-59. 


4 
\ 
4 


GEOLOGICAL NOTES 615 


7. Alexander Winchell, Geol. Survey of Michigan 1st Bienn. Rept. of Pro- 
gress (1869), p. 73.* 

8. E.B. Andrews, “ Rock Oil, Its Geological Relations and Distribution,” 
Amer. Jour. Sci. (2), Vol. 32 (1861), pp. 85-93.* 

9g. T. Sterry Hunt, “Notes on the History of Petroleum or Rock Oil,” 
Canadian Naturalist, Vol. 6 (1861), pp. 241-55;* reprint, Smith. Inst. Ann. 
Rept. (i861), pp. 319-29. 

10. Abraham Gesner, “On the Petroleum Springs in North America,” 
Quart. Jour. Geol. Soc. London, Vol. 18 (1862), pp. 3-4. 

11. Sir Wm. E. Logan, Geology of Canada, p. 379; Canada Geol. Survey 
Rept. of Progress to 1863 (1863). 

12. T. Sterry Hunt, “Contributions to the Chemical and Geological 
History of the Bitumens,” etc., Amer. Jour. Sci., Vol. 35 (1863), pp. 157-71.* 

13. H.D. Rogers, “Geology of Petroleum in the United States” (approx- 
imate title), Good Words Magazine (May, 1863). Quoted in Rogers’ paper in 
Phil. Soc. Glasgow Proc., Vol. 6, p. 59. 

14. H.D. Rogers, “Coal and Petroleum” (anon.), Harper’s New Monthly 
Magazine, Vol. 27 (1863), pp. 259-64.* 

15. E. W. Evans, “On the Action of Oil Wells,” Amer. Jour. Sci. (2), 
Vol. 38 (1864), pp. 159-66.* 

16. David Murray, “Petroleum, Its History and Properties,’ Trans. 
Albany Inst., 4 (1864), pp. 149-66.* 

17. Benjamin Silliman, Jr., Report upon the Oil Property of the Phila- 
delphia and California Company;. .. .Situated in Santa Barbara and Los Angeles 
Counties, California (Philadelphia, 1865). 36 pp., maps. 

18. Benjamin Silliman, Jr., A Description of the Recently Discovered Petrol- 
eum Region of California, with a Report on the Same (New York, 1865). 25 pp. 

19. J. H. A. Bone, Petroleum and Petroleum Wells (New York, 1865). 
95 PP- 

20. Henry Erni, Coal and Petroleum; Their Origin, History, Geology, and 
Chemistry (Philadelphia, 1865). 

21. T. Sterry Hunt, Petroleum; Its Geological Relations Considered with 
Especial Reference to Its Occurrence in Gaspé (Quebec, 1865). 19 pp., map. 

22. Albert R. Leeds, “‘The Geography and Geology of Petroleum,” 
Jour. Franklin Inst. (3), Vol. 49 (1865), pp. 347-56.* 

23. Alexander Winchell, “On the Oil Formation of Michigan and Else- 
where,” Amer. Jour. Sci. (2), Vol. 39 (1865), pp. 350-53.* 

24. William Wright, The Oil Regions of Pennsylvania (New York, 1865). 


25. Alexander Winchell, ‘“‘ Note on the Geology of Petroleum in Canada 
West,” Amer. Jour. Sci. (2), Vol. 41 (1866), pp. 176-78.* 

26. H. D. Rogers, “On Petroleum,” Phil. Soc. Glasgow Proc. 6 (1866), 
pp. 48-60.* 

27. E. W. Evans, “On the Oil Producing Uplift of West Virginia,” 
Amer. Jour. Sci. (2), Vol. 42 (1866), pp. 334-43.* 

28. E. B. Andrews, ‘‘Petroleum and Its Geological Relations,” Amer. 
Jour. Sci. (2), Vol. 42 (1866), pp. 33-43.* 


: 
Re 
if 
¥3 
we 
; 
: 
‘ 
275 PP- 
| 


616 GEOLOGICAL NOTES 


29. T. Sterry Hunt (?), Canada Geol. Survey 17th Rept. of Progress, 1863- 
66 (1867), p. 233. 

(Campbell points out that views here are those of Hunt, and apparently 
accepted by the Canadian Survey.) 

30. Henry Y. Hind, Report on the Petroleum Indications at Cheverie, 
Hants County, Nova Scotia, in Reference to the Probability of a Permanent 
Supply Being Reached by Boring (Windsor, Nova Scotia, 1871).* 

31. John S. Newberry, “On the Gas Wells of Ohio and Pennsylvania,” 
Lyc. N. H. N.Y. Proc. 1 (1871), pp. 266-70. 

32. John S. Newberry, “On Ohio and Other Gas Wells,” Amer. Jour. 
Sci. (3), Vol. 5 (1873), pp. 225-28.* 

33- Leo Lesquereaux, ‘Geological and Geographical Distribution of 
Petroleum Deposits and Fucoid Remains,” Pennsylvania Geol. Survey, 2nd J 
(1875), pp. 104-07. 

34. J. S. Newberry, “On the Origin of Petroleum” (Abstract), Amer. 
Naturalist, Vol. 10 (1876), pp. 316-17.* 

35. Nathaniel S. Shaler, “Petroleum,” Kentucky Geol. Survey Bull. 1 
(1879), pp- 5-12. 

36. J. Peter Lesley, ‘‘Annual Report of the State Geologist,” 2nd Geol. 
Survey of Pennsylvania (3) (1880), p. xvi.* 

37. I. C. White, “The Geology of Natural Gas,” Science, Vol. 5 (1885), 
pp. 521-22.* Science, Vol. 6 (1885), pp. 43-44.* 

38. M.R. Campbell, “ Historical Review of Theories Advanced by Amer- 
ican Geologists to Account for the Origin and Accumulation of Oil,” Econ. 
Geol., Vol. 6 (1911), pp. 363-95.* 


ORDOVICIAN AGE OF THE PRODUCING HORIZON, BIG 
LAKE OIL FIELD, REAGAN COUNTY, TEXAS' 


In March, 1929, cuttings below 7,000 feet from the Texon Oil and 
Land Company’s University No. 1-B well, in the center of the Big Lake 
oil field, Reagan County, Texas, were made available to the writer 
through the kindness of the Bureau of Economic Geology, Austin, Texas. 

Fossils of Pennsylvanian age characteristic of the upper part of 
the Atoka formation in Oklahoma, and of the Kickapoo Falls limestone 
member of the Millsap formation in Texas, were found between 7,000 
and 8,295 feet.2 Fossils were found in the cuttings between 8,295 and 

‘Published by permission of the Amerada Petroleum Corporation, Tulsa, Okla- 
homa. Since this note was written, it has been learned that Fred A. Bush, of the 
Sinclair Oil and Gas Company, Tulsa, found similar fossils and made approximately 
the same correlations at the time of the completion of the discovery well in Novem- 
ber, 1928. It has also been learned that S. W. Lowman, of the Mid-Continent 


Petroleum Corporation, of Tulsa, has identified fossils characteristic of the Hunton 
limestone and Sylvan shale which he is publishing. 


2Fossil lists were published by E. H. Sellards and Waldo Williams, “The Univer 
sity Deep Well in Reagan County, Texas,” University of Texas Bur. Econ. Geol. Bull. 
(1929), Pp. 
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8,520 feet whose age could not be definitely identified without further 
study. Since the drilling of the Big Lake Oil Company’s University No. 
1-C, it is definitely determined that the lowest strata in both wells are 
of Silurian and Ordovician ages and that they probably represent for- 
mations equivalent in age to the Hunton limestone, Sylvan shale, Viola 
limestone, and Simpson formation of Oklahoma. 

A list of the fossils in the discovery well, together with possible 
correlations, is here given. 


Depth in Feet 
8,295-8,305 White crystalline limestone, Bairdia sp., characteristic of the 
Hunton limestone of Oklahoma 
8,305-8,335 Green shale, containing graptolites, characteristic of the Sylvan 
shale, identified by Fred A. Bush 
8,335-8,337 Limestone lithologically resembling the Viola limestone 
8,364-8,372 Gastropoda 
8,447-8,476 Fauna characteristic of the Simpson formation. 
Eridoconcha oboloides U & B 
A parachites whitavesi Jones 
Leperditia 
Fragments of Bryozoa cf. 
Rhynidictya 
Several Ostrocoda 
Crinoids 
8,500-8,504 A parachites whitavesi Jones 
Crinoids 
8,476-8,510 Frosted free sand characteristic of the Simpson formation 
8,520-8,525 (Total depth) Pay sand, cuttings not seen 


The age of the overlying formations in this field has been described 
by Ray V. Hennen.’ 

In the Big Lake Oil Company’s University No. 1-C, the following 
correlations are made. 


Depth in Feet 


8,341-8,346 White crystalline limestone. Bairdia sp., Kloedenella sp., character- 
istic of the Hunton limestone 

8,346-8,370 Green shale equivalent in age to the Sylvan shale 

8,552-8,563 Shale and limestone, Simpson formation 


Attention is called to the discovery of oil-bearing Viola limestone 
in the South Bend oil field, southern Young County, Texas, at a depth 
of about 4,200 feet.? 


“Big Lake Oil Pool, Reagan County, Texas,” Structure of Typical American 
Oil Fields, Vol. 2 (Amer. Assoc. Petrol. Geol., 1929), pp. 508-12. 


2M. G. Cheney, “Pre-Mississippian Production in Texas,” Oil and Gas Jour. 
(April 12, 1928), p. 31. 
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It is evident that the Silurian and Ordovician formations which 
crop out in the Arbuckle and Wichita Mountains of Oklahoma exist 
underground in parts of north-central and west Texas, and that they 
were originally continuous with the rocks of the same age which are 
now exposed in the Marathon uplift. 


B. H. HARLTON 
TuLsa, OKLAHOMA 


April 1, 1930 


SILURIAN AT BIG LAKE! 


E. O. Ulrich has maintained that the Richmond stage of the Cin- 
cinnatian is more properly a part of the Silurian than of the Ordovician. 
This classification is contrary to that of most other stratigraphers, but 
it seems to be the most natural classification to follow at Big Lake, 
Reagan County, Texas. In that field an apparently conformable series 
of Richmond-Alexandrian-Niagaran strata is separated by angular 
unconformities from the Pennsylvanian above and the Ordovician below. 

The following table gives a classification and description of the 
Silurian formations at Big Lake. The thickness and character of the 
formations are described as they are found in the Big Lake Oil Com- 
pany’s University No. 3-C, and the depths at which they occur are ap- 
pended for reference. 

The Henryhouse and Chimneyhill limestones represent the Silurian 
part of the Hunton terrane of Oklahoma. The upper three (Devonian) 
formations have not yet been recognized at Big Lake. It is worthy of 
note that next to the Ordovician the Hunton is the largest pre-Pennsy]- 
vanian producing horizon in central Oklahoma. One well at Big Lake 
(the Big Lake Oil Company’s University No. 2-C) is a commercial pro- 
ducer from the basal part of the Hunton; its production has increased 
from 575 to 650 barrels a day. 

The thickness of the Silurian strata increases away from the top 
of the structure. In the discovery well, the Texon Oil and Land Com- 
pany’s University No. 1-B, only 10 feet of the basal Hunton limestone 
and 20 feet of upper Sylvan shale are present above the Ordovician 
(Chazy Simpson); whereas in the Big Lake Oil Company’s Uni- 
versity No. 1-C, which is 43 feet lower structurally on the top of the 
Syivan than the discovery well, there is 10 feet of basal Hunton and 41 
feet of Sylvan. There is 60 feet of strata of doubtful Ordovician age in 
this well, wedged between the Sylvan and strata identical with the 


*Published by permission of the Mid-Continent Petroleum Corporation. 
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PENNSYLVANIAN 
Des Moines Strawn black shales and dark brown cherty limestones 
Angular unconformity— 
SILURIAN 
Upper Niagaran Henryhouse limestone and light gray-green marl. 


Thickness, 25 feet (from 8,385 to 8,410 feet) 
Upper Chimneyhill white and some pink crystalline 
limestone. Thickness 45 feet (from 8,410 to 8,455 


Lower Niagaran 


eet) 

Lower Chimneyhill glauconitic white crystalline lime- 
stone with basal odlitic member. Thickness, 15 
feet (from 8,455 to 8,470 feet) 

Richmond Sylvan green-gray to dark gray dolomitic shale. 
Thickness, 68 feet (from 8,470 to 8,538 feet) 
Angular unconformity 
ORDOVICIAN Gray, green-gray, bright green, reddish gray, and red- 
brown, highly calcareous to non-calcareous shales 
and thin white and light gray finely crystalline 
to dense fossiliferous limestones. Thickness? 

(from 8,538 to the last sample at 8,563 feet) 


Alexandrian 


Hunton 


ORDOVICIAN 
Chazy Simpson green and gray-green and gray fossiliferous 
shales and light gray and white fossiliferous lime- 
stones. These strata are not represented in the 
cuttings from University 3-C available at present. 


Chazy strata found in 1-B. In the Big Lake Oil Company’s Uni- 
versity No. 3-C, which is 142 feet lower structurally than the discovery 
well, there is 85 feet of Hunton limestone and 70 feet of Sylvan shale, 
which rests on strata that seem to be a younger part of the section found 
between the Sylvan shale and the Chazy Simpson in 1-C. It is 
known that Richmond strata occur in the Maravillas chert of the 
Marathon uplift. However, equivalents of the Sylvan shale and of the 
lower Niagaran and Alexandrian limestone have not been recognized 


in Texas outcrops. 


S. W. LowMan 
TuLsA, OKLAHOMA 


April 18, 1930 


MINNELUSA OF BLACK HILLS OF SOUTH DAKOTA 


During the course of three summers spent in the Black Hills of 
South Dakota working upon the Mississippian formations, it became 
necessary for the writer to spend considerable time upon the stratig- 
raphy and paleontology of the Minnelusa (Pennsylvanian) formation. 
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The results of this work have seemed of sufficient importance to 
warrant a short paper on the Minnelusa formation, as it is believed this 
formation will become of great importance in the drilling for oil and gas 
within the state of South Dakota, possibly not as a productive forma- 
tion, but for purposes of subsurface correlation with areas east and west 
of the Black Hills. 

The most important information dealing with the Minnelusa for- 
mation hitherto published is that contained in the well-known paper 
by Darton, “ Geology and Water Resources of the Northern Black Hills” 
and in the later paper by Darton and Sidney Paige, “The Central Black 
Hills.”? In both papers the information about the formation is such as 
would be gathered in a rapid reconnaissance of the region; therefore, it 
is decidedly meager. 

In working on the Mississippian of the Black Hills it was found 
that in order to determine the top of the Pahasapa formation it was 
necessary to make sections of the Minnelusa formation as well as the 
Pahasapa, and to collect and identify the fossils. Previously the pale- 
ontological knowledge concerning the Minnelusa was confined almost 
entirely to the basal beds and was so unsatisfactory that the general 
opinion held was that it might be either Pennsylvanian or Mississippian. 
A few fossils had been collected from the basal red shales and determined 
by Girty to be Pennsylvanian in age. These fossils came from the 
southern Black Hills near Loring Siding, and are listed in the Central 
Black Hills Folio. 

The writer collected, in the same locality, during the summer of 
1926 and again in the summer of 1928, and gathered from the red shales 
lying upon the Pahasapa limestone, the fossils here listed: Spirifer 
cameratus, Spirifer rockymontanus, Spirifer boonensis(?), Composita 
subtilita, Marginifera muricata, Hustedia mormoni, Chonetes verneuiliana, 
Chonetes mesolobus, Chonetes granulifer, Derbya crassa, Productus sp.(?), 
Ambocoelia planiconvexa, Squamularia perplexa, Lophophyllum tro- 
fundum, Eupachycrinus verrucosus (plates and spines), Archeocidaris 
spine, Cromyocrinus n. sp., Rhombopora lepidodendroides, and Fusulina 
cf. cylindrica. - 

The evidence as presented by these fossils shows with little question 
that the basal beds of the Minnelusa formation are the equivalent of 
the Des Moines stage of the Carboniferous. 


1U. S. Geol. Survey Prof. Paper 65 (1909). 
2U.. S. Geol. Survey Foiio 219 (1925). 
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In addition to the fossils listed, a great many specimens of Chaetetes 
milleporaceous and numerous unidentified Bellerophons were collected 
from higher beds on the main road from Custer, South Dakota, to New- 
castle, Wyoming. This locality is 21 miles west of Custer, near the 
foot-path to Jewel Cave. 

The following section of the Minnelusa was ills in the northern 
Black Hills. 


SECTION OF THE MINNELUSA FORMATION IN BEAR BUTTE 
CANYON 


(Just west of the county line, in Sec. 12, T. 5 N., R. 4 E.) 


Bed 
Number Feet 


Sandstone, reddish to gray, covered with much slumped Opeche shale and 
slabs of Minnekahta limestone 

Limestone, gray, rather soft, porous, tufa-like on surface 

Sandstone, buff, red-stained 

Limestone, gray, hard, fine-grained 

Sandstone, grayish brown to buff, forming lower part of cliff 

Sandstone, gray to brown, forming bold cliff face. Cross-bedded and 
weathering to rounded masses. Forms cliff face below upper massive 
sandstone 


Limestone, sandy, gray to reddish 

Talus-covered interval 

Sandstone, brownish, calcareous 

Shale, red, fine-grained 

Limestone, brown, sandy, thin-bedded, reddish stained 

Sandstone, red, coarse-grained, stains rocks below and grades upward into 
overlying limestone. Not well exposed 

Limestone, pinkish, hard, fine-grained, containing a large depauperate 
appearing fauna. Small trilobites (Phillipsia), Aviculopecten, Nucu- 
la(?) Bellerophon, et cetera, very plentiful 

Limestone, gray, brown, fine-grained, sandy 

Sandstone, brecciated, gray and red mottled. The breccia fragments are 
gray calcareous sandstone 

Limestone, brown, sandy, fine-grained 

Sandstone, gray, partly talus-covered 

Limestone, gray externally, pinkish internally, fine-grained 

Sandstone, pinkish, coarse, forming bold cliff face 

Sandstone, brownish, coarse, brecciated in places 

Limestone, sandy, cherty, fine-grained, gray 

Sandstone, gray, fine-grained, weathering pinkish to reddish. Surface 
covered with small round nodules. Forms bold cliff face 

Limestone, gray and brown, partly talus-covered, thin-bedded 

Sandstone, gray to reddish, fine-grained 

Limestone, gray to pink, sandy, fine-grained 

Sandstone, fine-grained, pinkish, weathering to hard outcrops 

Talus-covered interval 

Limestone, gray, coarse-grained, sandy 

Limestone, gray, fine-grained, in places cherty 

Sandstone, pink with dark streaks, in places red, medium-grained 

Limestone, gray to a po fine-grained, contains calcite druses and iron 
crystals on exposed surfaces 


“aid 
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8 Limestone, pinkish, weathering gray, forming bold rounded exposure. ... . 10 
7 Limestone, gray, fine-grained, with very thin sandy layers.............. 2 
6 Limestone, pinkish mottled, fine-grained, ledge-forming, partly talus-cov- 
5 Limestone, pinkish to white, with alternating thick and thin layers, con- 
tains plates and spines of echinids and small compositas ........... 12 
3 Limestone, pinkish gray, fine-grained, pitted.......................... 3 
2 Sandstone, white to pinkish, medium-grained......................... 10 
1 Shale, red, sandy, partly talus-covered, lying upon brecciated Pahasapa 


The foregoing section was made within a few hundred feet of a 
similar section made by T. A. Jaggar, Jr.'. In his section Jaggar has 
given a thickness of 450 feet, which is 43 feet less than that measured 
by the writer. It will be noticed, however, that he began his section at 
the base of the red shales lying upon the Pahasapa limestone and that 
in general they correspond throughout except that there are no fossils 
mentioned. 

Within the sections as studied by the writer there are three recog- 
nizable fossil horizons. (1) The lower red shales which contain plentiful 
fossils of Des Moines age in the southern Black Hills. These shales 
have not been found to carry fossils in the northern hills, but as the beds 
are traceable from the southern hills to the northern hills, it is believed 
that careful examination will produce many specimens. (2) Approxi- 
mately 50 feet above the base of the Minnelusa red shales is a well de- 
veloped limestone carrying many plates and spines of echinids and casts 
of small compositas. So plentiful are these plates and spines that by 
dissolving the limestone in acid great quantities of the silicified remains 
may be obtained. This horizon is well defined throughout the Black 
Hills and can easily be recognized by the small white plates which 
weather out on exposed surfaces of the bed. This bed is especially well 
developed in Rapid Canyon, Bear Butte Canyon, Spearfish Canyon, 
and along the road 2 miles west of Willow Springs Ranger Station in 
Wyoming. (3) The bed numbered 27 in the section contains the most 
interesting and numerous variety of fossils. This is also a hitherto un- 
recognized horizon and contains great numbers of small pelecypods, a 
few trilobites, and a few gastropods. In general this fauna has the ap- 
pearance of being depauperate. All are small; the average size of the 
pelecypods and trilobites is 10 millimeters. A few large gastropods are 
present and are well developed and of average size, but in general de- 


*Black Hills Folio 219, p. 8. 
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pauperization is indicated. This bed has been traced over an area of 
more than 20 square miles in the northern Black Hills. It has not been 
recognized in the southern hills, as the writer was working on the Missis- 
sippian formations and gave but little attention to the Pennsylvanian. 
The best exposure of this bed is along the Deadwood-Spearfish road just 
west of the B. M. 4,362 and about 1 mile east of the old stage barn in 
T. 5 N., R. 3 E. Other localities are in Whitewood Canyon, southwest 
of Crook, and near the sawmill in Elk Canyon on the road to Crystal 
Cave. 

The writer believes the bed containing the depauperate fauna will 
make an excellent, easily recognizable marker in well logs, and in view 
of the recent oil strike in the Black Hills, it is believed this paper is 
justified. It was the intention originally to include a list of the fossils 
from this bed and from other parts of the Minnelusa, but the press of 
work in connection with the paleontology of the Mississippian of that 
area has prevented such additional paleontological labors. It is hoped 
that such a publication can be made within a short time. All specimens 
from the three beds mentioned herein are at present in the repository 
at the State University of Iowa. 

GLENN S. DILLE 
Box 337 
FAIRVIEW, OKLAHOMA 
April, 1930 


EARLY PALEOZOIC STRATIGRAPHY OF WICHITA 
MOUNTAIN UPLIFT, OKLAHOMA' 


Introduction —Taff,' in 1904, recognized the presence of the Reagan 
sandstone, the Arbuckle limestone, and the Viola limestone in the Wich- 
ita Mountain uplift. The Simpson formation, and all Ordovician, 
Silurian, Devonian, and Mississippian formations known to crop out in 
the Arbuckle Mountains were not reported. However, the presence of 
the Bromide formation of the Simpson group in the middle hill of the 
group of the hills mapped as Viola, near Rainy Mountain Mission, has 
been known for some time. Howell? suspected the presence of Simpson 

'Published by permission of the chief geologist of The Pure Oil Company. 


J. A. Taff, “Preliminary Report on the Geology of the Arbuckle and Wichita 
Mountains,” U.S. Geol. Survey Prof. Paper 31 (1904). 


2J. V. Howell, ‘Notes on the Pre-Permian Paleozoics of the Wichita Mountain 
Area,” Bull. Amer. Assoc. Petrol. Geol., Vol. 6, No. 5 (September-October, 1922), pp. 


413-25. 
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underground in the Wichita area, but did not have the necessary infor- 
mation to establish its presence or the presence of the Hunton, Sylvan, 
and Woodford formations. Recent drilling has revealed the presence 
of the Simpson group, Sylvan shale, Hunton group, and Woodford shale 
beneath the covering of Red-beds. In the following pages a complete 
lithologic description of the pre-Caney, post-Canadian formations as 
revealed by the drill is given. Identification of formations is based on 
lithology, sequence of beds, and in some instances paleontology. The 
Arbuckle and Reagan formations are not considered, though they have 
been found in many wells. The Caney shale has not as yet been recog- 
nized. The Pennsylvanian formations which come into the section off 
the flanks of the uplift are not treated herein. Part of the writer’s ob- 
servations have been published by Becker.' 

Geologic section—The accompanying section of pre-Caney, post- 
Canadian rocks is based on the microscopic examination of well cuttings. 
Bed 64 was found in the Sossaman Thompson No. 1, NW. 4, SW. %, 
Sec. 11, T. 6 N., R. 17 W., from 750 feet to 930 feet. Beds 41 to 63, in- 
clusive, were found in the Johnson and McDowell Wedle No. 1, SW. %4, 
NE. %, Sec. 6, T. 6 N., R. 15 W., from 660 to 2,490 feet. Beds 1 to 40, 
inclusive, were found in the Tah-lah-ta-tite No. 1, NE. 4, SE. 4%, SW. 
\%, Sec. 13, T. 7 N., R. 16 W., from 1,710 to 3,222 feet. Early Paleozoic 
beds were found in several other wells, but these three wells penetrated 
the greatest amount of section, and cuttings from them were well kept. 
The thickness given for each bed may or may not be the true thickness 
of the béd, inasmuch as the inclination of the strata is unknown. It is 
highly probable that the strata are inclined in the area, and that the thick- 
nesses are excessive. 

The writer believes that the section may be used as a standard 
section to which to tie correlations in the Wichita Mountain area. In 
several places wells have drilled out of the Red-beds into different parts 
of the Simpson formation, which could satisfactorily be tied into the 
accompanying section by a study of the lithology and paleontology. 
The Simpson section given is probably not complete. In two wells a 
few hundred feet of Simpson shales and limestones were found which 
seem to be older than bed 1, but the correlations are too indefinite to 
merit the inclusions of these beds in the accompanying section. 


"Clyde M. Becker, “Structure and Stratigraphy of Southwestern Oklahoma,” 
Bull, Amer. Assoc. Petrol. Geol., Vol. 14, No. t (January, 1930), pp. 37-56. 
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Woodford 
Shale 


Feet 
64 Shale; black, hard, somewhat pyritic and cherty; contains Sporangites 
huronense; top and bottom contacts not seen; maximum thickness 


Hunton group 
63 Limestone; gray, rather dense-textured, very sparingly fossiliferous. ..... 315 
62 Magnesian limestone; brown, finely crystalline........................ 25 
61 Limestone; gray, dense; very sparingly fossiliferous.................... 30 
60 Magnesian limestone; brown, granular-textured....................... 
59 Limestone; gray, fine-grained, rather dense; contains a few fossils found 
elsewhere in the Henryhouse(?) formation of the Hunton group ..... 32 
58 Limestone; white, coarsely crystalline... 18 
135 
56 Limestone; white, coarsely crystalline... 15 
55 Magnesian limestone; brown, cherty.....................00.eeeeeeeee 23 
54 Limestone; gray, dense-textured, slightly odlitic; contains some odlitic 
Sylvan shale 
53 Shale; gray, hard, non-calcareous, pyritic......................000000 125 
52 Shale; dark, dolomitic, slightly 40 
Fernvale limestone 
50 Magnesian limestone; brown, fine-grained, cherty...................... 12 
49 Limestone; white, coarsely crystalline. 23 
Viola limestone 
48 Limestone; white to brown, crystalline to fine-grained.................. 23 
47 Limestone; like bed 48, but very cherty...................ccccceceens 7 
30 
42 Limestone; like bed 48, but slightly cherty.......................005. 
4t Limestone and magnesian limestone; brown, dense to finely crystalline; 
Simpson group 
10 
39 Limestone; brownish gray, dense, with partings of green shale; contains 
such characteristic Black River fossils as Pachydictya foliata........ 20 
38 Limestone; like bed 39, but more crystalline.......................... 15 
37. Shale; green, hard, with thin beds of sand and limestone............... 7° 
36 Sand; white, fine-grained; grains well rounded and frosted.............. 15 
31 Sandy shale; green, with beds of very fine-grained tight sand.......... 5 
26 Sand; white, medium-grained, 69 
24 Sand; white, loose, with beds of green shale.....................00005: 17 
23 Shale; greenish, hard, practically non-sandy and non-calcareous........ 127 
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22 Shale; greenish, with beds of limestone. ....................00eeeeeees 30 
2t Dolomitic limestone; light gray, slightly sandy........................ 5 
19 Shale; greenish, beds of crystalline, sandy limestone.................... 10 
17 Shale; greenish, with beds of crystalline ostracodal limestone............ 15 
16 Shale and limestone; interbedded, full of ostracods..................... 20 
15 Shale; greenish, with a few beds of fine-grained granular limestone... ... . 15 
14 Limestone; white, fine-grained, granular.........................2---- 20 
13 Shale and limestone; greenish shale and interbedded limestone, many beds 
11 Limestone; white to light gray, finely granular to crystalline, mottled, 
9 Limestone; white to gray, mottled, crystalline to granular but mostly gran- 
ular, slightly fossiliferous in basal 16 feet... 67 
8 Limestone; brownish gray, finely granular............................ 40 
6 Shale and limestone; greenish shale and fine-grained limestone interbedded 50 
5 Sand; light gray, calcareous, argillaceous, impure, tightly cemented... . . . 40 
4 Shale and limestone; greenish shale and light gray impure crystalline lime- 
stone interbedded; some beds quite fossiliferous................... 30 


3 Limestone; light gray to brownish gray, fine to coarse-grained, impure, 
crystalline; probably contains some shale beds; somewhat fossiliferous 200 
2 Limestone and shale; limestone like bed 3 interbedded with greenish shale; 


1 Limestone; white to brownish gray, crystalline to fine-grained; somewhat 


Ira H. Cram 
Tue Pure Company 


Tusa, OKLAHOMA 
April 7, 1930 


DISCOLORATION OF SEDIMENTS BY BACTERIA’ 


Black shales, because of their importance as source beds, have 
attracted considerable attention from petroleum geologists. Much 
light has been thrown on the origin of these deposits by recent studies 
as to the nature and origin of the coloring constituents of black muds 
now accumulating. In the muds of the Baltic Sea, Chesapeake Bay, 
and other regions, disseminated carbonaceous material and black ferrous 
sulphide have been noticed. Bacterial action undoubtedly is an 
important factor in producing these constituents. 

The writers wish, briefly, to call attention to the results of prelim- 
inary experiments, in which a type of pigment caused by bacterial 
action produces dark sediments in the laboratory, and to suggest that 
a similar pigment may exist in black muds. It was found that certain 


"Read before the Association at the San Francisco meeting, March 22, 1928 
Manuscript received by the editor, April 9, 1930. 


a 
a 
7 
| 


GEOLOGICAL NOTES 627 


samples of soil darkened when permitted to stand several days in a weak 
salt solution, but remained unchanged when placed in fresh water. A 
series of experiments carried out in ordinary test tubes disclosed the 
following facts. 

1. The darkening of the sediment was due to a pigment produced 
by bacterial action on organic matter, either animal or vegetable. 

2. The source of the bacteria was the soil itself, but darkening 
occurred only when conditions were favorable for their rapid growth. 

3. The conditions favorable for rapid growth were an excess of 
organic material, the presence of a weak salt solution, and a temperature 
approximately equivalent to blood heat. 

The pigment is a finely disseminated, perhaps colloidal, material 
secreted by the bacteria during metabolism. Its chemical composition 
has not yet been determined definitely, but it seemingly is a humic- 
acid derivative. It exists only within the limits of the bacterial colony. 
The darkening commences as a series of isolated black specks. As colony 
growth progresses, each speck spreads out as a circular mass, and ad- 
joining masses eventually unite. 

In these experiments ferobic bacteria seemed to be the important 
factors. An unidentified species of Spirillum was found to be abundant 
where action was taking place. However, it should be emphasized that 
such pigments are probably not produced by any one species or group 
of bacteria, but may be secreted by a variety of aerobic, anaerobic, and 
facultative aniderobic forms. The bacterial action was accompanied by 
the emission of a gas having an odor resenbling that of a salt marsh. 
Chemical tests indicated the absence of nitrites, nitrates, and hydrogen 
sulphide. 

The sediment employed in the experimental work is a light brownish 
gray residual soil from the Colorado School of Mines campus. It is 
derived from the underlying Arapahoe (Eocene) formation, and has 
accumulated since the formation of a Pleistocene erosion terrace. 
Slightly decayed leaves, roots, and twigs of small plants are plentiful 
in it. Under the microscope, the sediment is seen to be essentially a 
sandy silt, though a small percentage of clayey material may be elim- 
inated by washing. The subangular quartz grains vary from .oco5 to 
.o5 millimeters in diameter, the small sizes predominating. In places, 
groups of grains are loosely cemented by a thin coating of nearly white 
to pale red iron-stain. A distinct effervescence in acid indicates the 
presence of small quantities of carbonates. 
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No plant matter was employed, other than that in the soil itself. 
The animal matter used was egg albumen. 

Summary.—A black pigment, secreted as a result of metabolic 
processes of bacteria, is capable of producing dark color in sediments in 
laboratory experiments. The same type of pigment may be a coloring 
constituent in some dark muds and shales. Further study is necessary 
to determine its geologic importance. 

In the experiments referred to, the stains produced disappear upon 
the drying of the sediments, but it is possible that with age the staining 
material may be converted to some more permanent pigment. In any 
event the phenomenon is very interesting in that it suggests that bac- 
terial action may be more important than is generally realized in the 
production of the dark staining material of sediments. 

QuENTIN D. SINGEWALD and 
F. M. VAN TuYL 
ROCHESTER, NEW YORK, ‘AND 
GOLDEN, COLORADO 


STRUCTURE OF TYPICAL AMERICAN OIL FIELDS' 


Attention is invited to the broader aspects of the relation of petro- 
leum accumulation to structure as related (1) to reservoir rocks and (2) 
to regional sedimentation and tectonics. A comprehensive picture of 
all the geologic conditions is as necessary to an understanding of petro- 
leum accumulation to-day as was a mere general conception of the 
structural theory of I. C. White ten years ago, and the importance of 
comprehensive study will steadily increase. 

A few speculations are given in the following paragraphs in order 
to be suggestive, not dogmatic. The most important of these concern 
folding contemporaneous with the filling of geosynclinal prisms of ac- 
cumulation, and refolding along predetermined axes, the location of 
major lines of folding, especially of other beds in shallow geosynclinal 
basins, being controlled by lines of weakness in the basement rocks. 

The primary control of accumulation in many areas is the physical 
character of the reservoir rock, which determines the type of structural 
control and the relations of oil, gas, and water. Sandstones, limestones, 
dolomites, and cherts are the dominant reservoir rocks. A reservoir rock 
may be widespread with structural accumulation anticlinal where con- 

*Prefatory note, —epe from Structure of Typical American Oil Fields, Vol. I 


(Amer. Assoc. Petrol. l., 1929), with omission of the first paragraph and with 
slight modifications. 
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trolled by the presence of water, or synclinal where water is absent. In 
lenticular porous sandstones, however, accumulation may be determined 
by the shape of the lens or by hydrostatic equilibrium, or by both; there- 
fore, the oil may occur on monoclinal or homoclinal structure. Limestones 
and similar rocks act as reservoirs in anticlinal folds and buried hills only 
where porous, and this porosity is in most areas due to solution at uncon- 
formities or to dolomitization. Fracture zones form reservoirs in lime- 
stone and shale irrespective of local structure. Under hydraulic head the 
upthrown side of normal faults, especially the basinward side, may 
act as a reservoir for oil, whereas the downthrown side rarely acts as a 
reservoir except where the faulting took place after accumulation. Re- 
adjustment of the oil-water level in faulted anticlinal folds in which 
accumulation preceded faulting is dependent on the degree of stagnation 
of the water. Accumulation of oil in overthrust faults is in most places 
controlled by hydraulic head. Discordant igneous intrusions rarely, if 
ever, trap oil. 

Oil fields are commonly developed in sedimentary rocks deposited in 
epeiric or mediterranean seas near the edges of geosynclines, but not 
where the folding or faulting is intense; they occur also within, and even 
in the centers of, such basins and major geosynclines. But the apparent 
total absence of oil from large parts of certain basins, irrespective of 
proved continuity of reservoir conditions, and of continuity of geologic 
structure extending out from oil fields, is not understood and is a prob- 
lem of oil genesis or migration, rather than of structure. 

Oil and gas seepages have led to initial discovery of many oil fields. 
After the introduction of geology, visible folds of anticlinal type and, 
later, similar folds discovered by subsurface studies based on well logs, 
were drilled with great success. For a decade the drill and seepages, 
rather than geology, pointed the way to fields in the gently folded rocks 
in the centers of shallow geosynclines and in smaller intra-continental 
basins. In recent years a better comprehension of the basic principles of 
geology as related to petroleum together with intensive scientific explo- 
ration has proved the importance of such areas and has already led to 
the discovery of some of the most important oil fields of the world. 

Deductions from studies in the Appalachian Mountains and from 
the experimental production of folds of Appalachian type have dom- 
inated the conception of folding and of mountain-building in the United 
States. Like the Neptunian doctrines of Abraham Gottlob Werner, these 
conceptions stood unchallenged for many years. Isostasy and petroleum 
geology have brought into the science modified views and have shown the 
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true relation of a thin veneer of incompetent sediments to the underlying 
vast thickness of competent rocks. Structure in the sedimentary rocks, 
and especially in the thin sheets over many geosynclines, is determined 
by forces.acting in the underlying basement complex. Anticlines, buried 
hills, faults, and even synclines underground, and especially in or near the 
basement rocks, may be overlain by entirely different types of structure— 
by anticlines or salt domes or faults with an entirely different strike or by 
homoclines. In gently folded rocks the structure underground is more 
sharply folded and covers less area than at the surface. 

Earth movements which initiate epi-continental seas and geosyn- 
clines of deposition, and complete geanticlines of compression, act slowly 
through long periods of time with spasmodic stillstands and slight pos- 
itive movements which cause disconformities, unconformities, lines of 
weakness, and incipient lines of folding. In some geosynclines of deposi- 
tion the loci of the major folds and lines of folding are determined by 
buried topography or structure or fragmentation in the basement rocks 
and superimposed folding began during or after the deposition of the lower 
part of the ultimate sedimentary column, and in the time scale take place 
several geologic periods before ultimate cessation of sedimentation. 
These folds are rejuvenated from time to time so that the sedimentary 
sections in them show initial thinning. Between these primary folds 
secondary folds and lines of folding are formed later. 

Translated into factors of oil accumulation, the time of formation 
of anticlines and synclines and the time of stillstands and of aerial ex- 
posure of newly deposited sediments become very important because at 
these times the lithological composition and porosity of sedimentary 
rocks were modified locally. Sand lenses are temporary shallow-water 
or shore phenomena and may be found far from the original limits of 
sedimentary basins. Widespread porous limestones may owe their 
porosity to temporary land conditions and to solution by surface and 
underground waters before complete lithification of the prism of sedi- 
ments. Dolomite is evidently a later secondary alteration product of 
limestone after lithification. Local porosity in limestones may be due 
to coral or algal reefs which may form interbasin bars of great lineal 
extent bounded on either side by rocks of different lithological compo- 
sition. 

Anticlines and synclines formed during the last folding of the geo- 
synclinal basin may produce oil. But many of the largest and most 
prolific oil fields of the world are on primary anticlines of early formation 
which were refolded once or several times and which show structural dis- 
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cordance not traceable in adjacent synclines. Such primary anticlines 
form the buried structures, buried hills, and buried ridges which were 
recognized for the first time thirteen years ago. The older, partly trun- 
cated rocks in them may or may not produce oil or may not be within 
reach of the drill. The structure of these older rocks may even be syn- 
clinal below oil-bearing anticlines of later generation. Entire anticlinal 
ridges of secondary folding may be barren although primary anticlines on 
either side produce oil. These are reasons for believing that one of the 
prerequisites for oil accumulation in some geological provinces is anti- 
clinal structure which was formed concomitantly with deposition, as 
shown by initial thinning in the stratigraphic section; in other words, 
that the generation and migration of the oil antedated the final folding. 

Structure has therefore assumed a new significance in the quest for 
oil. An anticline in a petroliferous province is not the sole desideratum. 
Anticlines may be barren and synclines productive. Homoclinal dip may 
be the proper type of structure. Where accumulation is anticlinal, the 
history of sedimentation and of folding, as revealed in large extent by 
subsurface studies, will in many cases differentiate petroliferous and 
barren anticlines. 

Geological thought is evolving rapidly. The contribution of petro- 
leum geology to knowledge of structure, stratigraphy, and paleontology 
is becoming ever more important. Research now accompanies and follows 
observation. Comprehension of the nature and origin of folding has been 
hampered by lack of knowledge of the third dimension. Well data are 
supplying this information. Structure of Typical American Oil Fields is, 
therefore, a contribution to research. May it stimulate a better under- 
standing of structural geology as well as aid in the discovery of new oil 
fields the world over. 

SIDNEY POWERS 
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DISCUSSION 


MAGNETOMETER STUDY OF CADDO-SHREVEPORT UPLIFT, 
LOUISIANA 
In the March Bulletin appeared a discussion by Douglas M. Collingwood 
of Wm. M. Barret’s paper, “ Magnetometer Study of Caddo-Shreveport Up- 
lift, Louisiana.” Mr. Barret’s paper appeared in the February Bulletin, pages 
175-83. 


INJUSTICE OF MISLEADING CITATIONS 

REPLY TO PROFESSOR R. T. CHAMBERLIN’S DISCUSSION 

In the citation taken from his paper Professor Chamberlin makes it clear 
that he is aware of lateral thrusts having ‘‘ caused a certain amount of mashing 
and compacting of the material of the beds,” et cetera. He goes into sufficient 
detail to convince the most exacting critic that volume change, either increase 
or decrease, is a factor to be considered, and concludes the discussion with the 
following: 

Whether the importance of these various secondary factors is material and whether, 
if ignored, the balance of their sum-total tends toward an overestimate, or an under- 


estimate, of the true extent of the crustal shortening, is here left to the individual 
judgment of each geologist guided by his own experience and insight." 


There is no denying that Professor Chamberlin is fully aware of volume 
change, but the extent, one way or the other, is left to “the individual judgment 
of the geologist.” It is in place to inquire as to how Professor Chamberlin 
actually dealt with this factor. I quote the following. 

If one knows the average height to which the freshly folded tract was elevated, 
together with the amount of lateral shortening which has caused this elevation, it is 


a simple matter to calculate the thickness of the shell which, suffered folding, neglecting 
compression, et cetera.? (The italics are mine.) 


I am asking whether my statement, ‘‘ Professor R. T. Chamberlin calculated 
the depth of the Appalachian folds on the basis of an unchanged or constant 
volume,’ was misleading? As double assurance that the statement was not, 
intentionally or otherwise, misleading, I quote from C. K. Leith, who, after 
devoting four pages to Professor Chamberlin’s paper, points out several ob- 
jections, including the following. 


*R. T. Chamberlin, “Injustice of Misleading Citations,’ Bull. Amer. Assoc. 
Petrol. Geol., Vol. 14, No. 4 (April, 1930), pp. 521-22. 


2R. T. Chamberlin, ‘“‘The Appalachian Folds of Central Pennsylvania,” Jour. 
Geol., Vol. 18, No. 3 (April-May, 1910), p. 243. 


3Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 2 (February, 1930), p. 241. 
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The calculations also assume that the volume of the rock mass affected has re- 
mained constant during deformation.' 


I made no criticism against Professor Chamberlin, but merely called at- 
tention to the fact that he calculated the depth of Appalachian folds by means 
of a geometrical principle which, as is apparent to Professor Chamberlin or 
any one else, it would be extremely awkward to use if the factor of volume 
change were taken into consideration. 

A few remarks may be added as to whether or not reference to Professor 
Chamberlin’s paper was concerned with the discussion on the strain ellipsoid. 
Professor Mead objected to a footnote in my original article on the strain ellip- 
soid which reads as follows: ‘It is obvious that in considering a given sphere 
deformed into any imaginary ellipsoid, the two must be of equal volume.” 
He termed this as “contrary to fact,” but added that, ‘‘Rigorously, it may be 
said that there can be no planes of no distortion except in the case involving 
no volume change.” 


In my reply to Professor Mead's* objection I pointed out, 


inasmuch as the strain ellipsoid conception, as applied to structural geology, means 
very little or nothing without the planes of no distortion, anyone who uses it is doing 
so under the assumption of no volume change, 


and then went on with the statement which involved a reference to Professor 
Chamberlin’s paper of twenty years ago. 

As the strain ellipsoid is a geometrical conception which involves the 
volume factor, and as the principle employed by Professor Chamberlin in de- 
termining the depth of folds is also a geometrical calculation involving volume 
(when considered in three dimensions), I regard reference to his paper as en- 
tirely appropriate. 

THEODORE A. LINK 

CALGARY, CANADA 

March 10, 1930 


'C. K. Leith, Structural Geology (Henry Holt and Company, New York, 1923), 
revised edition, pp. 196-99. 


*Theodore A. Link, “Some Applications of the Strain Ellipsoid,”’ Bull. Amer. 
Assoc. Petrol. Geol., Vol. 13, No. 11 (November, 1929), p. 1450. 


2W. J. Mead, “ Discussion,” Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 2 (Feb- 
ruary, 1930), p. 236. 


3Theodore A. Link, “‘Author’s Reply,’ Bull. Amer. Assoc. Petrol. Geol., Vol. 14, 
No. 2 (February, 1930), p. 241. 
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RESEARCH NOTES 


A. A. P. G. RESEARCH COMMITTEE 


(Members’ terms expire immediately after annual Association meetings of the years shown) 


ALEX W. McCoy (1932), chairman, 919 East Grand Avenue, Ponca City, Okla. 
Donatp C. BarTON (1933), vice-chairman, Petroleum Bldg., Houston, Tex. 


1031: 


> C. HEALD, 1161 Frick Bldg. Annex, Pittsburgh, Pa. StpNEY Powers, Box 2022, Tulsa, Okla. 

F. H. Lawes, Box 953, Dallas, Tex. R. D. REED, 1110 Glendon Wa ay, Alhambra, Calif. 
R. = Moore, Univ. of Kansas, Lawrence, Kan. L. C. SNmwER, 60 Wall Street, New York, N. Y. 
F. 5. Plow, Bur. Econ. Geology, Austin, Tex. W. C. Spooner, Box 1195, Shreveport, La. 
it - Reap, 1519 Linda Rosa, Los Angeles, Calif. W.H.THom, Jr., Princeton Univ., Princeton, N. J. 
193. M. Van School of Mines, Golden, Colo. 
C. R. Ferrke, 1118 Wightman, Pittsburgh, Pa. W. E. WRATHER, 4300 Overhill Dr., Dallas, Tex. 
ALL. LEVORSEN, Box 1830, Tulsa, Okla. 


The purpose of the Research Committee is the advancement of research 
within the field of petroleum geology. If members working actively in research 
on particular problems care to register with the Research Committee, the com- 
mittee will be glad to aid them in any way it can and put them in touch with 
other men who are, or have been, working on similar or allied problems and can 
perhaps effect some integration of the research work of the Association. If 
the younger, or older, members of the Association, who are doing or preparing 
research for publication, will come to any member of the Committee, he will 
be very glad to offer whatever advice, counsel, or criticism he can in regard to 
the research, its prosecution, or its preparation for formal presentation. The 
Committee would be glad to have members formulate and present to it sugges- 
tions in regard to research problems and programs. 


CROOKED-HOLE REPORT 
REPORT OF CHAIRMAN OF COMMITTEE ON STUDY OF CROOKED-HOLE PROBLEM 


In the July number of our Bulletin for 1929, on page 853, preliminary 
announcement was made of a plan for studying the crooked-hole problem 
through the Research Committee of the American Association of Petroleum 
Geologists. A subcommittee was selected, known as the Committee on the 
Study of the Crooked-Hole Problem, and questionnaires' were sent out to all 
members of this Committee for distribution in their districts. The object of 
this study was to investigate and interpret the geological aspects of the prob- 
lem, for, as pointed out in the first announcement, the mechanical aspects of 
the question were then being investigated by the American Petroleum Institute. 

The personnel of this Committee was published on page 1227 of the 
September Bulletin for 1929, essentially as follows. 


"Bull. Amer. Assoc. Petrol. Geol., Vol. 13, No. 7 (July, 1929), p. 854. 
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New Mexico 


Louisiana 
Oklahoma 
J. French Robinson and J. G. Montgomery, Jr. Eastern States 
Venezuela 
...........Eastern Foreign Fields 


We wish to thank these gentlemen for their energy in this investigation 
and for their analyses of the conditions in their several districts. 

The more significant facts brought out in the replies to the questionnaire 
are here listed. 

1. Holes are more likely to deviate from the vertical when they are 
drilled through formations which consist of alternating soft and hard layers. 

2. Deviation from the vertical is ordinarily gradual, seldom abrupt. 

3. Much of the tendency to deviate may be overcome by proper drilling 
methods. 

4. Cable-tool drilling, as well as rotary drilling, may produce crooked 
holes if drilling methods are careless, if the tools are inadequate, or if the 
formations penetrated have steep dips. 

5. Relatively few attempts have been made to measure holes for direc- 
tion, as well as angle of deviation from the vertical, so that almost no data were 
available to use in explaining the relations of a hole to the geological structure 
on which it is drilled, and to demonstrate the errors which may result in geo- 
logical! interpretation of subsurface conditions when holes are off the vertical. 

From our canvass of the situation it became clear that the study of crooked 
holes is almost world-wide. The problem of drilling holes more nearly vertical 
has claimed the earnest attention of geologists, engineers, and operators not 
only in this country, but also in Canada, Mexico, Colombia, Peru, Venezuela, 
Argentina, Roumania, Persia, the East Indies, and other countries. 

In America, in particular, through individual efforts and especially through 
the work of the American Petroleum Institute, tremendous advances were 
made during 1929 in seeking out the causes for crooked holes and in improving 
drilling machinery and drilling practice to correct the defective methods of the 
past. As a result of this improvement, our committee members from several 
districts advise that production men are no longer much concerned about 
crooked holes. Operators, contractors, and drillers have all shown a splendid 
willingness to codperate for better drilling. It is stated that 200 wells com- 
pleted in the late spring of 1929 in the Seminole district had 1/5 the average 
vertical correction of the same number prior to that time. None of these later 
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holes had a vertical correction of more than 25 feet at an average depth of 
4,500 feet. The general consensus of opinion in many parts of the country 
seems to be that, as long as proper precaution is exercised in drilling, with 
frequent checking of the inclination of the hole by the acid-bottle method, 
the problem of drilling holes straight enough for “practical” purposes has 
been largely solved. This conclusion is reflected by John Franklin Dodge, 
in his excellent summary of the American Petroleum Institute’s study of the 
problem, entitled “Straight Hole Drilling Practice,”: where he writes: 
It is realized that no hole is ever drilled exactly vertical to its completion. For the 
ergy of this discussion it is somewhat arbitrarily assumed that a reasonably straight 
ole is one in which the upper half (3,000 to 3,500 feet) does not deviate more than 
2° or 3° from the vertical, and in the lower part the vertical angle does not exceed 
8° or 10°. 

I am calling attention to these sentiments mainly to emphasize the fact 
that a hole which is sufficiently straight from a mechanical point of view may 
not be sufficiently near the vertical from the geological standpoint. At a depth 
of several thousand feet, a well that is out of plumb as much as 5° or 10° may 
encounter the pay horizon several hundred feet from its intended point of 
penetration. This may not be significant on a broad low closed anticline, but 
it may be very important on salt-dome structures, fault structures, anticlines 
with steeply dipping flanks, and asymmetrical anticlines. And it certainly 
will be important on any structure where the spacing of wells in the pay for- 
mation is planned for scientific extraction of oil or gas. 

For the present, with little accurate information at hand regarding the 
actual courses of holes underground, I do not think we can go much further 
in pointing out the geological discrepancies occasioned by drilling holes off 
the vertical. 


F. H. LAHEE 
Dattas, TEXAS 


March 24, 1930 


"Delivered at the Chicago meeting of the American Petroleum Institute, Decem 
ber, 1929. 


4 

<n 

’ 


‘ 
> 
- 
q 
a 
a 


REVIEWS AND NEW PUBLICATIONS 


“The Saline Springs of Rio Salado” (Sandoval. County, New Mexico). By 
Joun D. Crark, University of New Mexico Bull. 163 (University, Albu- 
querque, August, 1929). 29 pp., 16 illus. 


The brochure contains, in its 29 pages, 15 well-treated photographs, the 
logs of 2 wells, the account of 30 water samples, and a location sketch. Ref- 
erences are made to papers by such pioneers as Matilda Coxe Stevenson, H. 
N. Herrick, George I. Adams, James H. Gardner, and to Kelly and Anspach 
—this last being a companion paper on Jemez Springs, published in September, 
1913, now out of print. The bulletin on Rio Salado deserves wider notice 
because of several unusual features. 

The occasion of Clark’s contribution was the attempted plugging of a well 
drilled for gas and oil, but which finally yielded from all sands a combined 
flow of “5.5 cubic feet per second,”’ or about 86,000 barrels per day of somewhat 
saline, highly carbonated water, scalding hot (123° F.). Because of the heavy 
expense of attempted plugging, as well as several ingeniously suggested eco- 
nomic benefits (health resort, live-stock water, control of evaporation and 
deposition from neighboring springs, irrigation, and manufacturing), the well 
was allowed to flow wide open. The effect of this applied physical chemistry 
and economics has also been to compromise the common resultant legal situa- 
tion where plugging is hardly possible. 

This well was located as high as feasible structurally, —being on a distinct 
anticline (nose), which had been discovered about 1925 by a reputable Rocky 
Mountain petroleum geologist who had evidently trusted too much in a fault 
closure along its eastern side, against the Nacimiento Mountain uplift. Along 
this fault saline, carbonated springs—now rather cool—have built craters and 
other heavy surface deposits of travertine. After a contract had been made to 
drill a well into a certain Pennsylvanian formation, the reviewer was called in 
(August, 1925) to detail for a location on this structure better than one where 
a heavy flow (25,000 barrels per day) of similar highly mineralized water had 
been tapped (April, 1925—not 1926, as dated in bulletin) at a shallow depth 
(445 feet). He mapped a huge nose on the Todilto (Jurassic) gypsum, which 
is here a fair datum, and located a second well in the SE. % of Sec. 1, T. 16 N., 
R. 1 W., approximately 200 feet higher structurally than No. 1, and about 2 
miles north of it. The log published in Clark’s bulletin shows that this second 
well was drilled to 2,008 feet, and that it, too, had several flows of highly 
saline and carbonated water from several sands, as hot as 108° F. at 425 feet 
and 142° F. at 1,920 feet, casinghead temperature of the entire flow being 
123° F. Casinghead pressure was 25 pounds per square inch. The water is 
at first snow-white, then sparkling, with escaping carbon dioxide. 

The preceding account is of interest in connection with the remarks of 
John L. Rich: in discussing the probable gravitational flushing of oil out of the 


"Bull. Amer. Assoc. Petrol. Geol., Vol. 7, No. 3 (May-June, 1923), pp. 216-17. 
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rocks on the eastern side of San Juan Basin as a reason for lack of production 
there, as contrasted with production on the western side where oil-bearing 
strata are penetrated at considerably lower elevations than barren strata of 
the same age on the eastern side. It seems probable that a soda-water drive 
on the eastern side, such as here indicated, may at least locally have caused 
oil migration out of the structures of that region. 


CHARLES T. KIRK 
Tusa, OKLAHOMA 


April 1, 1930 


“Insoluble Residues as a Guide in Stratigraphic Studies.” By H. S. McQuEEN, 
Missouri Bureau of Geology and Mines, Appendix 1, Preprint from 56th 
Biennial Report, 1931 (December, 1929). 30 pp. 12 plates. 


Many of the Cambrian and Lower Ordovician (Cambrian, Ozarkian, and 
Canadian of Ulrich) formations of the Ozark region are distinguished on the 
outcrop by peculiar varieties of chert. Following the suggestion of Ulrich 
that these distinctive cherts are the result of concentration by weathering of 
the siliceous content of dolomites and limestones, the Lower Ordovician and 
Cambrian dolomites and limestones were investigated to learn if the insoluble 
residues of these formations might not be equally distinctive. The study has 
established the fact that formations can be distinguished by their insoluble 
residues. Thus a new and important method of correlation is added to those 
methods already used by the microscopist. 

The limestone or dolomite is completely digested in dilute hydrochloric 
acid, and the residue thoroughly washed and dried. The residue is examined 
under a wide-field binocular microscope. 

The insoluble residues of the Cambrian, Ozarkian, and Canadian forma- 
tions of Missouri are described in detail and beautifully illustrated. Chert is 
the predominant insoluble material. It varies in character, and these variations 
are of such a nature and so restricted in occurrence that they indicate forma- 
tional units. The Eminence, Van Buren, Gasconade, and Cotter formations 
are characterized by plentiful and distinctive chert. Some formations, such as 
the Proctor and Cambrian formations, are distinguished by an almost com- 
plete absence of chert. Sand comes next to chert in amount, and also varies 
in character. The Upper Cambrian sands differ from the Lower Ordovician 
sands. A peculiar cherty sand is characteristic of the Roubidoux formation. 
Shale predominates in the insoluble residues of the Bonneterre and Davis 
formations, and is sufficiently distinct in character to be diagnostic. Clay, 
silt, and heavy minerals are present in the residues but were not studied in 
detail. Plentiful glauconite is characteristic of the Bonneterre. 

A peculiar feature of the insoluble residues studied is the presence of casts 
of dolomite crystals called dolocasts in the chert, shale, glauconite, pyrite, 
or limonite of the insoluble residues from dolomites. The dolocasts vary in 
character enough to assist in the identification of certain horizons. Siliceous 
odlites are present in some formations in profusion, and certain significant 
differences were noticed that serve to tell formations apart. 
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Although only the aforementioned formations of Missouri were studied 
in detail, enough work was done on other formations to demonstrate that the 
Kimmswick, Fernvale, Maquoketa, Mississippian, Kansas City, Lansing, 
and Douglas formations carry distinctive residues. Also, the “Siliceous lime” 
of Kansas and Oklahoma can be divided into zones which persist over wide 
areas. 

Three cross sections accompany the report. They show convincingly 
the reasonableness of the correlations based on insoluble residues. A north- 
south section through western Missouri shows a complete absence of the 
Davis, Derby-Doerun, and Potosi formations, and the presence of a pre- 
Cambrian ridge at Rinehart. A north-south section through central Missouri 
shows the presence of the Potosi and Davis formations, the thickening of for- 
mations below the base of the Gasconade dolomite, and suggests that the crest 
of the regional structure is in the vicinity of Decaturville. An east-west section 
through southern Missouri shows the local absence of certain formations, and 
the thickening of the section toward the east. 

The reviewer wishes to stress the importance of this contribution. The 
microscopist working with Paleozoic formations is frequently confronted with 
unfossiliferous formations, sparingly fossiliferous formations, and fossiliferous 
formations that do not contain diagnostic faunas. He is often in need of a 
check for his identifications based on lithology and paleontology. The in- 
creasing importance of the Lower Ordovician (Canadian) as a producer of oil 
demands more detailed correlations, which can best be made by a study of 
insoluble residues. The accuracy of correlation by this method, and the 
speed with which the work can be carried on, will undoubtedly encourage a 
wide adoption of the method, and further research work on younger formations. 
A panacea for the difficulties of correlation has not been discovered, but a 
valuable refined lithologic method has been added to those methods of correla- 
tion already in use. 


Ira H. Cram 
Tusa, OKLAHOMA 


April 6, 1930 


RECENT PUBLICATIONS 


CALIFORNIA 


“Geology of Southwestern Kern County, California,” by H. W. Hoots. 
U. S. Geol. Survey Bull. 812-D (Supt. Documents, Washington, D. C., 1930). 
Price, $0.50. 
COLORADO 


“Geology and Coal Resources of the Meeker Quadrangle, Moffat and Rio 
Blanco Counties, Colorado,” by E. T. Hancock and J. B. Eby. U. S. Geol. 
Survey Bull. 812-C (Supt. Documents, Washington, D. C., 1930), pp. 191-242, 
Pls. 19-30, Figs. 5-6. Price, $0.30. 

“The Granby Anticline, Grand County, Colorado,” by T. S. Lovering. 
U. S. Geol. Survey Bull. 822-B (Supt. Documents, Washington, D. C., 1930), 
pp. 71-76, Pl. 6. Price $0.05. 
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FRANCE 


“Die Erdélsuche in Pyrenienvorlande,” by Pierre Viennot. Petrol. 
Zeits., Vol. 26, No. 14 (April 2, 1930), pp. 422-28, illus. 


GENERAL 


“Cyclical Sedimentation of the Pennsylvanian Period and its Significance,” 
by J. Marvin Weller. Jour. Geol., Vol. 38, No. 2 (Chicago, February-March, 
1930), PP. 97-135, 6 figs. 

“Petroleum Geology,” by V. C. Illing. Jmnst. Petrol. Tech., Vol. 16, No. 
80 (London, March, 1930), pp. 91-96. 

“Oilfield Practice,’ by A. Beeby Thompson. Inst. Petrol. Tech., Vol. 16, 
No. 80 (March, 1930), pp. 108-17. 

“Natural Gas,” by S. C. Carney. Inst. Petrol. Tech., Vol. 16, No. 80 
(March, 1930), pp. 118-24. 

American Petroleum Refining, by H. S. Bell. D. Van Nostrand Company, 
Inc. (New York, 1930). A new completely revised edition of this comprehen- 
sive work. Recent developments and standard methods in oil refining are 
covered in detail from crude at the tank farm to refined products in tank car 
and steamer. Buckram, 630 pp., 6X 9% inches, illus. Price, $6.00. 

Petroleum Vademecum, 7th ed. Saad Compiled by Robert Schwarz. 
International petroleum tables. Chemical-physical measures, weights, units; 
oil tariffs; statistics. Contains an orientative colored map of the world’s oil 
industry. Published by Verlag fiir Fachliteratur (Berlin, W. 62, Courbiérestr. 
3). 2 vols., 604 pp; illus.; map in pocket. Price, 24 M. ($6.00). 

GEOPHYSICS 

“Review of the Geophysical Methods of Prospecting,’ by Donald C. 
Barton and E. Buhler Summers. Geographical Review (New York, April, 
1930), pp. 288-300. 

“Geophysics,” by W. H. Fordham. Inst. Petrol. Tech., Vol. 16, No. 80 
(March, 1930), pp. 97-107. 


MADAGASCAR 


“Les recherches pétroliféres dans l’ouest de Madegascar,” by H. Besairie. 
La Revue Pétrolifére (Paris, March 22, 1930), pp. 409-11, illus. 


MEXICO 
“Geological Cross Section of Isthmus of Tehuantepec,” by Charles Laur- 


ence Baker. Pan-Amer. Geol., Vol. 53, No. 3 (Des Moines, Iowa, April, 1930), 


pp. 161-74, 1 fig. 
“Oil Possibilities of the Colorado River Delta Region,” by T. F. Stipp. 
Oil Bulletin (Los Angeles, April, 1930), pp. 375-77, 450; illus. 


OKLAHOMA 


“Oil and Gas in Oklahoma. Love and Marshall Counties,” by Fred M. 
Bullard and John S. Redfield. Oklahoma Geol. Survey Bull. —_ (Norman, 
March, 1930). 30 pp., 1 pl., 5 figs. 
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PENNSYLVANIA AND NEW YORK 


“Recent Developments in Flooding Practice in the Bradford and Rich- 
burg Oil Fields,” by Charles R. Fettke. Amer. Inst. Min. Met. Eng. Tech. 
Pub. 328 (New York, 1930). 30 pp., 11 figs. 


ROUMANIA 


“Uber ruminische Salztonaufbriiche,” by A. Pustowka. Intern. Zeits. 
fiir Bohrtechnik, Erdélbergbau und Geologie (Vienna, March 15, 1930), pp. 
56-60, illus. 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION ma 
The Executive Committee has approved for publication the names of the ¥ " 

following applicants for membership in the Association. This does not con- ee 
stitute an election, but places the names before the membership at large. If =" 

any member has information bearing on the qualifications of these applicants, ' 

please send it promptly to J. P. D. Hull, Business Manager, Box 1852, Tulsa, 7 
Oklahoma. (Names of sponsors are placed beneath the name of each appli- ohn am 
cant.) 
FOR ACTIVE MEMBERSHIP 


Arthur William Abraham, Los Angeles, Calif. 

T. F. Stipp, Bart W. Gillespie, W. D. Kleinpell 
Sanford Henry Casteel, Fort Worth, Tex. 

H. B. Fuqua, B. E. Thompson, C. E. Yager 
John Doering, Dallas, Tex. ; 

Heath M. Robinson, R. A. Liddle, Frank E. Poulson a 
Frederick Charles Hamilton, Maracaibo, Venezuela y 

H. E. Van Aubel, P. C. Nolan, C. A. Baird 
Louis Kehrer, Maracaibo, Venezuela 

J. A. Hoekstra, H. E. Van Aubel, J. B. Burnett 
Harrison William Rose, Los Angeles, Calif. 

Donald C. Barton, George Steiner, Alan M. Bateman 
John Trenchard, Los Angeles, Calif. 

H. K. Armstrong, Harry R. Johnson, Frank A. Morgan 
Julius William Weil, Maracaibo, Venezuela : 4 

H. E. Van Aubel, J. A. Hoekstra, J. B. Burnett ag 


FOR ASSOCIATE MEMBERSHIP 


Henry Clay Arnold, Tulsa, Okla. F 
E. A. Markley, Oscar Hatcher, R. J. Cullen g 
Arthur Young Barney, Golden, Colo. ‘wa 
J. Harlan Johnson, W. A. Waldschmidt, F. M. Van Tuyl wy 
John Merle Bean, Fort Worth, Tex. a 
Paul A. Grant, B. E. Thompson, H. B. Fuqua iy 
Robert William Burger, Los Angeles, Calif. 
Carlton D. Hulin, N. L. Taliaferro, R. D. Reed Z 
John Burslem, Maracaibo, Venezuela F 
Chester A. Baird, C. L. Griffith, P. C. Nolan at 
Chester Burns Claypool. Maracaibo, Venezuela (al 
Chester A. Baird, C. L. Griffith, P. C. Nolan oe 
Charles Webster Flagler, Maracaibo, Venezuela : 
P. C. Nolan, Chester Baird, C. L. Griffith a 
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Adrian Hollister Heaton, Muskegon, Mich. 

Paul B. Hunter, R. E. Shutt, Ernest Guy Robinson 
Lozell Charles Hookway, Wichita Falls, Tex. 

John Buwalda, J. M. Giles, Huylar W. Lee 
Milton Hruby, Houston, Tex. 

Charles Laurence Baker, Melbert E. Schwarz, J. M. Vetter 
David Glynn Jones, London, England j 

F. E. Wellings, E. W. Shaw, B. K. N. Wyllie 
Henry Champlin Lay, Maracaibo, Venezuela 

C. A. Baird, C. L. Griffith, P. C. Nolan 
Perry Robert Love, Tulsa, Okla. 

Thos. W. Leach, Will F. Earl, Stanley B. White 
John Gerald Lyle, Wichita, Kan. 

Herbert M. Stanley, Leo R. Fortier, Ernest S. Pratt 
Ross Allen Maxwell, Norman, Okla. 

V. E. Monnett, A. J. Williams, C. E. Decker 
Earl Robert McFarland, Oklahoma City, Okla. 

C. E. Decker, V. E. Monnett, A. J. Williams 
Julius Rex McGehee, Norman, Okla. 

Charles E. Decker, V. E. Monnett, G. E. Anderson 
Myron Charles Metcalf, Houston, Tex. 

C. N. Housh, H. E. Minor, Marcus A. Hanna 
Bill Smith Mitcham, Cisco, Tex. 

V. E. Monnett, C. E. Decker, A. J. Williams 
James Lawrence Muir, Enid, Okla. 

C. E. Decker, V. E. Monnett, G. E. Anderson 
Arthur Armstrong Nichols, Tulsa, Okla. 

N. W. Bass, R. M. Beatty, E. S. Roark 
Paul Ferris Osborne, Denver, Colo. 

E. Russell Lloyd, Prentice F. Brown, Georges Vorbe 
Luther Edwin Patterson, Jr., Norman, Okla. 

C. E. Decker, V. E. Monnett, A. J. Williams 
Ben Luther Pilcher, Jr., Dallas, Tex. 

E. H. Sellards, W. S. Adkins, F. B. Plummer 
Darrell Milton Putman, Tulsa, Okla. 

Hubert S. Bale, Elfred Beck, E. F. Miller 
Edward Wilson Rumsey, Tulsa, Okla. 

Elfred Beck, W. W. Rusk, Robert Wesley Brown 
Richard Walker Simpson, Jr., Houston, Tex. 

B. E. Thompson, Parker A. Robertson, H. B. Fuqua 
Milton Heyer Sperling, Los Angeles, Calif. 

F. E. Vaughan, T. F. Stipp, J. P. Buwalda 
Zenas E. Stuckey, Norman, Okla. 

C. E. Decker, V. E. Monnett, A. J. Williams 
Leonard Colburn Thomas, Maracaibo, Venezuela 

C. A. Baird, C. L. Griffith, P. C. Nolan 
Abe Travis, Tulsa, Okla. 

V. E. Monnett, C. E. Decker, G. E. Anderson 
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Michael Willmer Forbes Tweedie, Maracaibo, Venezuela 

H. E. Van Aubel, C. A. Baird, P. C. Nolan 
Fritz E. von Estorff, San Francisco, Calif. 

G. C. Gester, S. H. Gester, G. M. Cunningham 
Rudolf von Zwerger, Shreveport, La. 

C. L. Moody, R. G. Copeland, M. W. Grimm 
William Edmund Wallis, Golden, Colo. 

W. A. Waldschmidt, J. Harlan Johnson, F. M. Van Tuyl 
William Orville Wethington, Norman, Okla. 

V. E. Monnett, A. J. Williams, C. E. Decker 
Thomas Carroll Wilson, Maracaibo, Venezuela 

C. A. Baird, C. L. Griffith, P. C. Nolan 
George Robert Wood, Tulsa, Okla. 

A. W. Lauer, Harry F. Wright, Max A. Pishel 
Ray A. Hancock, Fullerton, Calif. 

N. L. Taliaferro, L. C. Uren, Carlton D. Hulin 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Dwight Hemenway Bingham, Houston, Tex. 

H. E. Minor, Marcus A. Hanna, C. N. Housh 
Arnold Sylvester Bunte, St. Louis, Mo. 

E. L. Jones, W. H. Whittier, W. C. Bean 
William Paul Jenny, New York, N. Y. 

Paul Weaver, J. Brian Eby, John G. Weinzierl 
Edward Lee Johnson, San Antonio, Tex. 

A. W. Weeks, F. W. Bartlett, K. H. Schilling 
Walter Kauenhowen, Shreveport, La. 

C. L. Moody, R. G. Copeland, M. W. Grimm 
Clark Russell Steinberger, Findlay, Ohio 

E. R. Brockway, V. E. Monnett, Charles E. Decker 
Everett Harold Tollefson, Pittsburgh, Pa. 

W. Dow Hamm, F. W. Bartlett, E. G. Allen 


FIFTEENTH ANNUAL MEETING OF THE 
AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
ROOSEVELT HOTEL, NEW ORLEANS, LOUISIANA 
MARCH 20-22, 1930 


COMMITTEES 


General Arrangements.—J. Y. Snyder, president; R. S. McFarland, past-pres- 
ident; Fred H. Kay, first vice-president; A. R. Denison, second vice-president; F. H. 
Lahee, third vice-president 

Shreveport Committee—M. W. Grimm, chairman; S. P. Borden, W. F. Chisholm, 
C. M. Dorchester, W. E. Hopper 

Technical Program.—F. H. Lahee, general chairman. Gulf Coast Papers—W. C. 
Spooner, chairman; A. F. Crider, Phillip S. Justice, Donald J. Munroe, W. Armstrong 
Price, R. A. Steinmayer. Foreign Papers——G. C. Gester, W. B. Heroy 

Geophysical Papers——D. C. Barton, chairman 
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Reception.—R. A. Steinmayer, chairman; A. F. Crider, Roy Hazzard, H. V. Howe, 
W. C. Spooner 

Ladies—Mrs. S. P. Borden, general chairman; Mrs. R. A. Steinmayer, local 
chairman; Mrs. A. F. Crider, Mrs. H. V. Howe, Mrs. J. Y. Snyder, Mrs. G. R. Stevens 

“Stunt Night on the Mighty Mississippi.’”,—George R. Stevens, chairman; L. A. 
Barton, E. H. Finch, L. S. Harlowe, Paul Madden 

Golf. —L. A. Barton, chairman; H. C. Ferrell, local chairman; A. F. Crider, F. X. 
Bostick, F. J. Miller, Louis C. Roberts, Jr., H. G. Schneider, R. A. Steinmayer 

Special Side Trips —R. A. Steinmayer, chairman; John L. Henning 

Evangeline-Country Trip.—G. W. Schneider, chairman; C. C. Clark, A. F. Crider, 
S. C. Stathers, J. O. Nelson 

Entertainment.—Howard S. Greene, director 

Hotels—Seymour Weiss, assistant manager, Roosevelt Hotel 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 


The Society of Economic Paleontologists and Mineralogists elected the 
following officers: Joseph A. Cushman, president; C. C. Church, vice-pres- 
ident; Gayle Scott, secretary-treasurer; and Raymond C. Moore, editor. 


TOURNAMENT 


The annual golf tournament was held at the Audubon Club. The number 
of players was twenty-eight. Low scores are here given. 

Low gross score, winning J. Y. Snyder prize—-D. E. Mathes, Dallas, Texas (score, 
82; handicap, 18; net, 64) 

Low net score, winning inscription on shield of J. Wallace Bostick trophy— 
D. E. Mathes, Dallas, Texas (score, 82; handicap, 18; net, 64) 


As there was no competition among non-members for the J. Wallace Bostick 
cup, the cup was not awarded this year. 


SCHEDULE OF EVENTS 
PRE-CONVENTION 


TUESDAY, MARCH 18 


10:00 A.M. Constitution committee—Max W. Ball, chairman (Mezzanine) 
2:00 P.M. Executive committee—J. Y. Snyder, president 


WEDNESDAY, MARCH 19 


8:00 A.M. Special trip from Lafayette, Louisiana, to Evangeline country 
and salt domes 
10:00 A. M. a and exhibit booths open (Venetian Room, Lobby 
Floor 
10:00 A.M. Research committee—Alex W. McCoy, chairman (Mezzanine) 
2:00 P.M. General business committee—Wallace E. Pratt, chairman (Mezza- 
nine) 


CONVENTION 
THURSDAY, MARCH 20 


8:00 A.M. __ Registration 
A.M. Ladies’ geological group, election of officers (inquire at ladies’ 
registration desk, Venetian Room) 
10:00 A.M. __Introduction—R. A. Steinmayer, chairman, reception committee 
(Tip-Top Inn, 12th Floor) 
Address of welcome—A. B. Dinwiddie, president of Tulane Uni- 
versity 
Response—R. S. McFarland 
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10:30 A.M. Technical session (Tip-Top Inn, 12th Floor) 

2:00 P.M. Technical session (Tip-Top Inn, 12th Floor) 

2:00 P.M. Ladies’ trip through Vieux Carre 

4:45 P.M. Nomination of officers 

pointment of committees 

8:00 P.M.j ‘ 5 Night on the Mighty Mississippi.” Entertainment and 

dancing. (Busses leave entrance Roosevelt Hotel, 7:30 P. M.) 
FRIDAY, MARCH 21 

8:00 A. M. — boxes open (A. A. P. G. booth, Venetian Room, Lobby 
Floor 

g:00 A.M. Technical session (Tip-Top Inn, 12th Floor) 

g:00 A.M. Society of Economic Paleontologists and Mineralogists, technical 
session (Mezzanine, Gold Room) 

g:00 A.M. Society of Economic Geophysicists, technical session (Mezzanine, 
Room E 

12:45 P.M. Ladies’ luncheon (French Quarter restaurants) 

1:00 P.M. A.A. P.G. golf tournament (Audubon Club) 

2:00 P.M. ___ Ladies’ theater party 

2:00 P.M. ‘Technical session (Tip-Top Inn, 12th Floor) 

2:00 P.M. _ Society of Economic Paleontologists and Mineralogists, business 


meeting (2:00-3:00); technical session (3:00-5:00) (Mezzanine, 
Gold Room) 


2:00 P.M. Society of Economic Geophysicists, technical session (Mezzanine, 


Room E) 


3:30 P.M. __‘ Foreign papers (Mezzanine, Room 
M. 


8:00 P. 


E) 
Public illustrated lecture—Arthur L. Day of the Carnegie Insti- 
tution, Washington, D. C., “Some Features of Active Vol- 
canoes” (Crescent Theater, adjoining Roosevelt Hotel) 


9:30 P.M. Buffet dance (evening dress not required), (Tip-Top Inn, 12th 


Floor) 


SATURDAY, MARCH 22 


5th annual business meeting (Tip-Top Inn) 
Announcement of annual elections 
10:00 A.M. ‘Technical session (Tip-Top Inn) 
12:45 P.M. Ladies’ geological group luncheon (La Louisiane) 
2:00 P.M. Technical session (Tip-Top Inn) 


. 


8. 
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PAPERS 
GROUP I. MISSISSIPPI EMBAYMENT 


Tertiary History of the Region of the Sabine Uplift, Louisiana—C. L. Moopy 

Phases of Sedimentation in the Gulf Coastal Plain of Louisiana—R. A. 
STEINMAYER 

Contribution to the Cenozoic History of the Texas Plains—Cuar.es LAur- 
ENCE BAKER 

Marine Oligocene of the Coastal Plain of Texas and Louisiana—Atva C. 
ELLISOR 

Post-Oligocene Subsurface Problem of Texas—Marcus A. HANNA 

Sedimentation in the Eastern Part of the Mississippi Embayment in Eocene 
Time—Ra pu E. Grimm 

Oligocene and Miocene Formations of Southwestern Alabama—D. R. SEMMES 

Comanche Series of Louisiana and Arkansas—W. C. SPOONER and R. T. 
HAZZARD 

Deep 77 eet in Cotton Valley Field, Webster Parish, Louisiana 
—J.S. Ross 


10. Geological and Geophysical Notes on Van Structure, Van Zandt County, 
Texas—R. A. LIDDLE 
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11. Clay Creek Field, Washington County, Texas—F. E. HEatu, J. A. WATERS, 
and J. B. FeErcuson 
s 12. Salt Flat Field, Caldwell County, Texas—L. F. McCottum, S. O. Bur- 
& FORD, and C. J. CUNNINGHAM 
13. Pre-Cretaceous Rocks in Wells of the Gulf Coastal Plain South of the Oua- 
chita Mountains—H. D. MIsER 
14. Evidence from Wells Penetrating the Coastal Plain in Alabama and Georgia 
on the Nature and Inclination of the Crystalline Basement—D. R. 
SEMMES 
; 15. Pre-Cretaceous Rocks of the Balcones Fault Zone of Texas—E. H. SEt- 
LARDS 
16. Pre-Cretaceous Rocks of Arkansas—W. C. SPOONER 
17. Probable Age of the Balcones Fault, Texas—RosBert H. CuyLer 
18. The Building of the Mississippi Delta—A. C. TRowBRIDGE 
19. Surface Geology of Coastal Southeast Texas—DonaALp C. BARTON 
20. Physiography of the Corpus Christi Area, Texas—W. ARMSTRONG PRICE 
21. Deep Sand Development at Barbers Hill Salt Dome—P. C. Murpuy and 
A. JUDSON 
22. Review of Petroleum Potentialities of the Texas-Louisiana Gulf Coast— 
DoNnALD C. BARTON 
23. The Refugio Field, Refugio County, Texas—A. G. MADDREN and JouN S. 
Cruse, Jr. 
24. The White Point and Saxet Fields, San Patricio and Nueces Counties, 
Texas—W. ARMSTRONG PRICE 
25. Geology of Catahoula Parish, Louisiana—H. K. SHEARER 
26. Dixie Oil Pool, Caddo Parish, Louisiana—H. K. SHEARER and E. B. Hutson 
27. Faulting in Southwestern Arkansas—C. L. RANKIN 
28. Some Difficulties in the Development of Southern Louisiana Salt Domes— 
E. R. AMEs 
7 29. Cretaceous and Tertiary Sediments of Kentucky, Illinois, and Missouri— 
a J. E. Lamar and A. H. Sutton 
2 30 Surface and Subsurface Structure of the Tri-County Oil Field of Southwest- 
ern Indiana—J. M. WANENMACHER 


GROUP If GENERAL TECHNICAL SUBJECTS 


. 1. Geothermal Variations in Some Oil Fields of the Los Angeles Basin, Cali- 
fornia—-ANDERS J. CARLSON 
5 2. Determination of Geothermal Gradients in Oklahoma—Joun A. McCuTcHIN 
3- Geothermal Gradients in Texas—E. M. Hawtor 
4. Data on Sulphate-Reducing Bacteria in Soils and Waters of Illinois Coal 
a Fields—Epson S. Bastin and FRANK E. GREER 
5. Origin and Environment of Source Sediments: Summary Report of Progress 
—PAaRKER D. TRASK 
6. Geophysical Prospecting for Oil—Donatp C. BARTON 
7. Factors Influencing the Selection of the Geophysical Method in Accordance 
with the Subsurface Problem to Be Solved—FRANK RIEBER 
8 


; Crooked-Hole Problems in the Gulf Coast—P. C. Murpuy and Simpney A. 
JuDSON 
~e g. Accuracy of Bore-Hole Surveying by Orientation From the Surface—R. P. 
4 McLavuGHLIN 
10. Crooked Holes in Turner Valley, Alberta, Canada—E. P. VAN DER LINDEN 


11. Effects of Metamorphism on Certain Débris in Source Sediments—Tars1a 
STADNICHENKO 

12. Orientation of Cores—GrEorGE A. MACREADY 

13. Use of Airplane Photographs in Geologic Mapping—WaLTER A. ENGLISH 
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Jr., and Russett C. CoNKLING 
19. Geological and Geophysical Notes on the Hobbs Oil Field, Lea County, 7" 
New Mexico—R. CLARE CoFFIN and R. K. DEForp a 


20. Guadalupian Stratigraphy—A Discussion—E. RussELL Lioyp 
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Powell, Ralph S., Wichita Falls, Tex. 
Powers, Sidney, Tulsa, Okla. 

Pratt, Wallace E., Houston, Tex. 
Preece, Rae, Tulsa, Okla. 

Preston, John Basil, Glasgow, Ky. 
Price, W. Armstrong, Houston, Tex. 


Quilliam, William, Beaumont, Tex. 


Rankin, Charles L., Lake Charles, La. 

Reed, Ralph D., Alhambra, Calif. 

||Reed, Warren B., Morgan City, La. 

Reeside, John Bernard, Jr., Hyattsville, 
Md 


Reid, Robert P., Bartlesville, Okla. 
Renick, B. Coleman, Dallas, Tex. 
Rettger, Robert E., San Angelo, Tex. 
Reynolds, Roy A., Fort Worth, Tex. 
Rich, John L., Ottawa, Kan. 
— A. Howard, Oklahoma City, 
Okla. 
Richards, J. T., Oklahoma City, Okla. 
Richards, Ralph W., Washington, D. C. 
Richardson, G. B., Washington, D. C. 
Riggs, Robert J., Bartlesville, Okla. 
Roberts, Louis C., Jr., San Antonio, Tex. 
Robinson, B. F., Cameron, Tex. 
Robinson, Heath M., Dallas, Tex. 
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||Rolshausen, F. W., Houston, Tex. 
Romine, Thomas B., Fort Worth, Tex. 
||Rook, Stephen H., Shreveport, La. 
Roop, Charlies W., Bartlesville, Okla. 
Ross, John S., Shreveport, La. 
Rothrock, Howard E., Tulsa, Okla. 
Row, Charles H., San Antonio, Tex. 
Ruby, Glen M., Vancouver, B. C. 
Rusk, Willard W., Tulsa, Okla. 
Russ, Leon F., Dallas, Tex. 

Russell, P. G., Eastland, Tex. 

Ryan, Russell F., Freeport, Ill. 


Sackett, H. F., Tulsa, Okla. 
Samuell, J. Howard? Coleman, Tex. 
Sands, J. M., Bartlesville, Okla. 
||Sargent, E. C., Austin, Tex. 
||Saville, Wilson G., Houston, Tex. 
Sawtelle, George, Houston, Tex. 
Schneider, G. W., Shreveport, La. 
Scholl, Louis A., Jr., Houston, Tex. 
Schoolfield, R. F., San Antonio, Tex. 
Schouten, Franklin H., Tyler, Tex. 
Schumacher, J. P., Houston, Tex. 
||Schweer, Harry F., Oklahoma City, 
Okla. 
Schwennesen, Alvin T., Houston, Tex. 
Scott, Gayle, Fort Worth, Tex. 
Scott, H. M., Tulsa, Okla. 
Scudder, E. W., Denver, Colo. 
Sealey, Fred C., Houston, Tex. 
Seashore, Paul T., Houston, Tex. 
\|Self, Selden R., Midland, Tex. 
Selig, A. L., Fort Worth, Tex. 
Sellards, E. H., Austin, Tex. 
Semmes, Douglas R., San Antonio, Tex. 
\|Shakley, Ed., St. Louis, Mo. 
Shaw, Everett S., Denver, Colo. 
Shayes, Fred P., Beeville, Tex. 
Shea, E. F., Tulsa, Okla. 
Shearer, Harold K., Shreveport, La. 
Shutt, Roscoe E., St. Louis, Mo. 


Singewald, Quentin D., Rochester, N. Y. 


Smiley, H. F., Wichita Falls, Tex. 
Smith, Richard A., Lansing, Mich. 
Snider, George W., Wichita, Kan. 
Snider, L. B., Tulsa, Okla. 

Snider, L. C., New York, N. Y. 

Snow, Dale R., Tulsa, Okla. 

Snyder, John Y., Shreveport, La. 
Somers, R. E., Pittsburgh, Pa. 
Spieker, Edmund M., Columbus, Ohio 
||Sprague, William B., Corsicana, Tex. 
Stacy, Dean M., Oklahoma City, Okla. 
Stathers, Silas C., Shreveport, La. 
Stearn, Noel H., St. Louis, Mo. 
Steiner, George, Houston, Tex. 
Steinmayer, R. A., New Orleans, La. 
Stevens, G. R., Shreveport, La. 


Stiles, Elisabeth, Houston, Tex. 
Stiller, Ernest A., Shreveport, La. 
Storm, Lynn W., Austin, Tex. 
Storm, Willis, Dallas, Tex. 

Suman, John R., Houston, Tex. 
Sundt, O. F., Houston, Tex. 
Swiger, Rual B., San Antonio, Tex. 


Taff, Joseph A., San Francisco, Calif. 
Tanner, Hugh A., San Antonio, Tex. 
Tarver, Kathleen, Fort Worth, Tex. 
Tatum, Emmett P., Jr., Houston, Tex. 
Teas, L. P., Houston, Tex. 

Terrill, J. V., Amarillo, Tex. 

Thom, W. T., Jr., Princeton, N. J. 
Thomas, C. R., Tulsa, Okla. 

Thomas, George Dewey, St. Louis, Mo. 
Thomas, J. Elmer, Fort Worth, Tex. 
Thomas, Norman L., Fort Worth, Tex. 
Thomas, William A., Saginaw, Mich. 
Thompson, B. E., Fort Worth, Tex. 
Thompson, Evan G., Houston, Tex. 
Thompson, Sheridan A., Houston, Tex. 
Thompson, Wallace C., Tyler, Tex. 
Thornburgh, H. R., Dallas, Tex. 
Tomlinson, Charles W., Ardmore, Okla. 
Tong, James A., Baltimore, Md. 
Trager, Earl A., Tulsa, Okla. 

Trask, Parker D., Princeton, N. J. 
Trowbridge, Arthur C., Iowa City, Iowa 
Truex, Arthur F., Tulsa, Okla. 

Turner, Joseph H., San Antonio, Tex. 


||Upson, M. E., Fort Worth, Tex. 


Vanderpool, Harold C., Eagle Pass, Tex. 
Van Tuyl, Francis M., Golden, Colo. 
||Van Zant, James H., Enid, Okla. 
Vetter, John M., Houston, Tex. 
||Vickery, Ward R., Wichita, Kan. 
Vorbe, Georges, Midland, Tex. 


Wagener, Charles H., San Antonio, Tex. 
||Waggoner, Stephen Gose, Wichita Falls, 


Tex. 
Waring, Gerald A., Tulsa, Okla. 
||Warren, Howard C., Bartlesville, Okla. 
Wasson, Isabel B., River Forest, Ill. 
Wasson, Theron, Chicago, Ill. 
Waters, James A., Dallas, Tex. 
Watson, C. P., Fort Worth, Tex. 
Weaver, Paul, Houston, Tex. 
Weeks, Albert W., San Antonio, Tex. 
er Warren B., Oklahoma City, 

Okla. 


Weinzierl, John F., Houston, Tex. 
Weirich, T. E., Tulsa, Okla. 

Wells, Lloyd E., Wichita Falls, Tex. 
Wendlandt, E. A., Tyler, Tex. 
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Westby, Gerald H., Bartlesville, Okla. Woods, Sam H., Ardmore, Okla. 
Wheeler, Orby Clinton, Toronto, Canada Woodward, Harold Robinson, Wichita, 


Whisenant, John B., Big Spring, Tex. Kan. 

Whitcomb, Bruce, Fort Worth, Tex. Woolnough, W. G., Canberra, F. C. T., 
White, Luther B., Tulsa, Okla. Australia 

White, Maynard P., Ardmore, Okla. Woolsey, E. V., Luling, Tex. 

Whitney, F. L., Austin, Tex. Wrather, William E., Dallas, Tex. 
Whitwell, E. V., Jackson, Miss. Wright, Andrew C., Tyler, Tex. 


Wilcox, Fred H., San Angelo, Tex. 
||Williams, Francis S., McPherson, Kan. Yager, Charles E., Fort Worth, Tex. 


Williston, Samuel H., Dallas, Tex. Yoakam, Coler A., Tulsa, Okla. 
Wilson, Joseph M., Dallas, Tex. ||Young, Karl E., Sulphur, La. 
Wilson, Walter B., Tulsa, Okla. 

Wolf, Albert G., Houston, Tex. Zavoico, Basil B., Tulsa, Okla. 


MINUTES, FIFTEENTH ANNUAL BUSINESS MEETING 
ROOSEVELT HOTEL, NEW ORLEANS, LOUISIANA 
MARCH 22, 1930 


R. S. MCFARLAND, presiding, vice J. Y. SNYDER 


Past-president McFarland called the meeting to order at 9:30 A. M. 

The minutes of the fourteenth annual meeting were not read, by unanimous 
consent. 

The report of president Snyder was read by Luther H. White, who prefaced 
the reading by a few remarks in appreciation of Mr. Snyder’s work for the 
Association and his presence at the meeting contrary to medical advice. 


REPORT OF THE PRESIDENT 


My remarks, from necessity and inclination, will be brief. My predeces- 
sors in office have related our past history, of which we are justly proud. 

The progress of the Association during the present administration will be 
fully reviewed in the reports of our second and third vice-presidents, respectively 
in charge of finance and editorial work. 

These reports cover fully the happenings of the fifteenth year of our ex- 
istence and advancement. The future of the Association, which lies with that 
of the oil business, does not seem as promising as it has been at times in the 
past. Last year’s president called attention to the unfavorable condition of 
the oil business. Since then there has been a change. It has become worse. 
Overproduction—too much oil. The present unsatisfactory conditions are 
working hardships on many, but the oil business is not alone in its depression. 
Other lines of business dealing with the production of raw materials are in a 
similar condition from the same cause—overproduction. 

Due to the advances in geological knowledge and to the efforts and success 
of the petroleum geologists in applying this knowledge, to the economic appli- 
cation of physics to the problem of finding favorable conditions for the accumu- 
lation of oil, and to mechanical improvements which insure greater production 
possibilities, we now have assurance of oil resources much in excess of the most 
optimistic estimates of a few years ago. 
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Orderly methods and intelligent guidance are bringing the oil business 
out of chaos. Improvement is certainly not far off. We have only to do our 
part tending to the profit of the industry and incidentally our own. Our 
future is more encouraging than it seems. 

Our Association shows a healthy growth. The increase in membership 
during the present administration has been approximately the same as it was 
during the previous year. 

Probably the most serious duty the executive committee has to perform 
is that of passing on the qualifications of those applying for membership, and 
the most serious responsibility which a member has is that of sponsoring 
applications for membership. That this responsibility is taken with its de- 
served seriousness is evidenced by the fact that few applicants need to be re- 
fused. After an application is received, a follow-up inquiry blank is mailed 
to each sponsor requesting more detailed information than it is possible to 
obtain from the application. Too often these blanks are neglected or do not 
bring the additional detailed information needed in order that the members 
of the executive committee may reach a final and proper decision. Very often 
a sponsor will reply curtly. The inquiries deserve to be answered in the spirit 
and with the thought which prompts their sending. 

It has been suggested that our district representatives do not function 
as fully as they might. This is not mentioned in a spirit of criticism, but with 
the idea that thought be given to this and that they work out among them- 
selves something looking toward more constructive efforts throughout the 
year, efforts which would lead to a better understanding of the problems to 
come before the business committee when it meets at our annual convention. 

I wish to thank the other members of the executive committee and our 
business manager for their support and untiring efforts. To them should be 
given full credit for whatever success the present administration can point to. 

I thank you for the great honor which was conferred on me and hope 
and believe, having in a measure learned the job, that I can render more and 
better service as a member of the executive committee during the next adminis- 
tration, where I will serve by reason of being your past-president. 

I thank you. 

Joun Y. SNYDER, President 


Second vice-president Denison, in charge of finances, presented his annual 
report. 
REPORT ON MEMBERSHIP 
Growth 


A list of members as of March 1, 1930, appears in the March, 1930, 
Bulletin. This year the entire membership has been arranged alphabetically 
with an appropriate symbol for each class of membership. This change greatly 
simplifies the location and identification of members. A new feature has been 
added to the membership list, namely, the date of election to membership. 
This number refers to the date of entry into the Association, whether as an 
Associate or Active member. 
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During the past twelve months the Association has suffered the loss 7 
demise of eight members, as follows. 
M. Wood Stanley Harry H. Wilson 
Rudolf R. Pollok. Rudolf R. Brandenthaler 


Frank P. Latimer Maurice B. Schmittou 
Paul Franklin Morse Irving V. Augur 


Loss in membership from other causes totaled 40. The net gain in membership 
for the period is 166 as compared with 174 for the similar preceding period. 
The number of applicants elected or with applications pending is 209 compared 
with 170 the previous year. Total membership now numbers 2,292, of which 
1,683 are active members and 602 are associate members. The total number 
of associate members shows a decrease as compared with the previous year, 
which reflects the increasing number of transfers to active membership and 
larger number of applicants with qualifications for the higher class of member- 
ship. 

These figures point to a steady and continued growth, while the high stan- 
dards and principles of the Association have been maintained. Following are 
statistics reflecting the growth in membership through the history of the 
Association and a comparison of the past two years. 


Membership of the Association 


Number of members May 19, 1917 (first published list).................... 04 
Comparative Data March 1 March 1 
1929 1930 
Number of honorary members................ 6 7 
Number of active members................... 1,496 1,683 
Number of associate members................. 624 602 
Total number of members................ 2,126 2,292 
Increase in membership...................... 174 166 
Applicants elected, dues unpaid............... 44 35 
Applications approved for publication. ........ _ 60 8G 
Total applications on hand 


kere 170 209 
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Applications for transfer approved, dues unpaid 23 9 
Applications for transfer approved for publication 54 13 
Recent applications for transfer............... 17 12 

Total applications for transfer on hand... .. 04 34 
Number of members withdrawn............... 16 18 
Number of members dropped................. 33 46 
Number of members died....................-. 8 8 

Total loss in membership................. 57 72 
Number of members in arrears, previous year. . . 62 78 
Active members in arrears, current year........ 474 600 
Associate members in arrears, current year ..... 247 243 

Total number of members in arrears... .... 721 843 


Circulation of the Bulletin 
1. Subscriptions (non-members) 


Total non-member subscribers............ 266 274 

Total monthly circulation of Bulletin. ...... 2,465 2,645 


It is desired to call the attention of the members to the increase in the 
number of delinquent dues both for last year and the current year. There 
were 126 more active members delinquent for current dues on March 1, 1930, 
than at the same time in 1929. There were 16 more members delinquent for 
the previous year’s dues on March 1, 1930, than in 1929. The reduction in 
the total number of associate members on March 1, 1930, seems to have enabled 
that class to have four fewer members in arrears for current dues than at the 
same time in 1929. It is urged that the members give more careful thought to 
prompt payment of dues in order that the Association may function unham- 
pered. 


Distribution 


Thirty-nine states and thirty foreign countries contribute members to 
the Association. Approximately 90 per cent of the members live within the 
United States. Within the states, Texas leads with 657 or 29 per cent, Okla- 
homa is second with 521 or 24 per cent, California third with 298 or 13 per 
cent, and Kansas fourth with 95 or 4 per cent. These four states have a total 
of 1,571 or approximately 70 per cent of the entire membership. Herewith 
is given the complete distribution by states and countries. 
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Geographic Distribution of A. A. P. G. Members 


UNITED STATES 


West Virginia.......... 
Massachusetts............. Total, United States. 
FOREIGN 
Trinidad. . . 3 
Address Unknown................ 10 


REPORT ON FINANCES 

Annual Audit 

A complete audit of books and property of the Association for the fiscal 
year 1929 is published in the March Bulletin. A study of the balance sheet 
(page 341) under assets shows that all significant items increased over 1928; 
the largest gain was in inventories of printed matter on hand, which was 
$4,887.46. The increase was largely due to the publication during 1929 of 
1,000 additional copies of the Bulletin for use in bound volumes and as a re- 
serve for back numbers. Cash in the bank increased $4,694.34 to the signifi- 
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cant figure of $9,361.46. Concurrently with this gain, investments were in- 
creased $1,032.17. Total assets increased from $47,341.73 to $61,757.60. 

Exhibit C of the audit (page 347) gives a comparative statement of income 
and expenses of the general fund, for the years 1928 and 1929. Significant 
items under income which decreased in 1929 are 


Significant items under expense which increased in 1929 are 


The decrease in items of income and increase in expenditures have combined 
to cause a decrease in net income in 1929 over 1928 of $3,321.13. 

The largest increase in expense is in printing the Bulletin. This is due in 
part to the printing of additional copies in 1929, but in a greater degree to the 
increase in the number of printed pages in the Bulletin. Volume 13 (1929) has 
1,612 pages as compared with 1,204 in Volume 12 (1928), an increase of 33 per 
cent. No better criterion for the ability to give increasing service to the mem- 
bers can be offered than the foregoing fact. While rendering the large additional 
service as noted, and in spite of the decrease as compared with 1928, the 
Association business still reflects a safe balance of income over expenses amount- 
ing to $6,836.37. 


Sale of Publications 


The publication fund shows a profit in 1929 of $1,666.46 as compared with 
a deficit during the preceding year of $884.04. This difference was largely due 
to the phenomenal sale of Volume I, Structure of Typical American Oil Fields. 
The first edition, consisting of 1,500 copies, was sold in less than 12 months; 
a seconéeedition of 1,000 copies has been printed to take care of the continued 
demand. Volume II came from the press in December, 1929, and the demand 
for this volume seems to be as great as for Volume I. During the vear 
the volume on Geology of Salt Dome Oil Fields was completely exhausted. 


Association Funds 


It is desired to remind the membership that the Association has three 
distinct funds, namely: General Fund, Revolving Publication Fund, and Re- 
search Fund. 

The General Fund is derived from membership dues, subscription to the 
Bulletin, sale of back numbers, indexes, bound volumes, and the salt-dome 
volume. This fund constitutes practically the sole support of the Association. 
From it must be paid all expenses for printing and distributing the Bulletin, 
and all general and office expenses and donations to affiliated societies. In order 
that any member may be able to compare at a glance the relative importance 
of the sources of revenue and disbursements, the following tables have been 
prepared. 
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SOURCE OF THE ASSOCIATION’S DOLLAR, 1929 


Sale of Back Numbers and Salt-Dome Volume...................... -10 
Revenue from Adivertiooments . 14 

$1.00 

WHAT WAS DONE WITH THE ASSOCIATION’S DOLLAR, 1929 

Salaries (Business Manager and Clerical)... 

$1.00 


The most significant feature of these figures is that membership dues, both 
associate and active, amount to only 62 cents, while the expenses, which are 
almost exclusively concerned with what the membership receives in the Bulletin, 
total 84 cents. The members, therefore, receive material which costs 22 cents 
more to produce than they contribute. This favorable ratio is only maintained 
by other sources of revenue which the Association has at its disposal. One 
of the largest of these sources is advertising, which, through the energy of Mr. 
Hull, showed a substantial increase in 19209. 

The Revolving Publication Fund was established by a voluntary contri- 
bution from a local group of members. It is in no way a part of the Associa- 
tion’s working funds. The Association acts as trustee of the fund, which can 
be used only for the financing of special publications. The income from the 
sale of such publications is returned to the publication fund, as well as any 
profit accruing from such sale. The volumes which have been financedin whole 
or in part by this fund are 

Theory of Continental Drift, A Symposium 


Structure of Typical American Oil Fields, Vol. 1 
Structure of Typical American Oil Fields, Vol. 11 


Each of these volumes has been offered to the members at cost plus distribu- 
tion. They are offered to non-members at an advance in price sufficient to 
give reasonable profit on the cost. This feature offers a safegtard against 
possible loss to the publication fund due to unforeseen cost items or failure to 
sell a complete edition. The custody of this fund has enabled the Association 
to furnish the members with three volumes of outstanding contributions to 
geology at a large saving. During the early part of 1930 the fund was increased 
by a donation of $900.00 from the Fort Worth Geological Society. 

The Research Fund, like the Publication Fund, is one for which the Asso- 
ciation is trustee. Unlike the Publication Fund, it can be entirely disbursed 
by the executive committee. Accessions to this fund are by voluntary contri- 
butions and the account is maintained separate and distinct from both the 
General and the Revolving Publication Fund. 
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Funds Available 


It has been customary for a number of years to present at the time of the 
annual meeting a statement showing the funds on hand at the moment. Ob- 
viously since the Association collects all dues early in the year for expenditures 
throughout the year, such a statement can in no way reflect the financial con- 
dition of the Association or indicate its prospects for the complete year. It 
does, however, show by a comparison with a similar statement of the previous 
year the relative temporary conditions. Such a comparison follows. 


GENERAL EXPENSE FUND 


March 1, March 1, 
1029 1930 
Checking account. ............ $ 5,159.86 $ 6,047.41 
Interest-bearing account. ...... 10,000.00 10,000.00 
Total current funds available........... $15,159.86 | $16,047.41 


INVESTMENT FUND 
Interest-bearing bonds. .................. 28,133.75 27,599.45 


PUBLICATION FUND 


Checking accoumt.............. $ 2,322.09 $ +,383.11 
Interest-bearing account....... 1,937.39 
Total publication funds available....... 4,259.48 1,383.11 


RESEARCH FUND 
Interest-bearing account................. 190.00 663.86 


LIFE MEMBERSHIP FUND 
Interest-bearing account....... ... 600.00 


$47,743.00 $46,293.83 


An item of increase is that in “current funds available,’ which is nearly 
$1,000.00 greater than last year. This, however, is about balanced by a de- 
crease in the total amount of “‘interest-bearing bonds.”’ The Publication Fund 
shows a marked decrease which is due to the financing of Vol. II, Structure of 
Typical American Oil Fields. The decrease in this fund is great enough to over- 
come additions made to the Research Fund and the money in the Life Mem- 
bership Fund, thereby making “Total Funds on Hand” $1,449.26 less than 
last year. 

In summary it may be said that the Association registered substantial 
gains both in membership and in finance; at the same time it has rendered 
larger and broader service to each individual member, to petroleum geology, 
and to science in general. 

A. R. DENISON, 
Second vice-president in charge of finances 


Third vice-president Lahee, in charge of editorial work, read his annual 
report. 
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REPORT ON EprirorRIAL WORK 


During the past year no radical changes have been made in the manage- 
ment and the routine of the editorial work of the Association. Mr. Hull and his 
staff have ably conducted the many details of the preparation and printing of 
the Bulletin. In this connection the editor has served largely in an advisory 
capacity. 

I want to take this opportunity to remind the members of the particular 
importance of the Bulletin to them and to the Association. This publication 
not only reaches all our members but also is distributed far and wide in foreign 
countries. Through it we keep in touch with one another and make contact 
with the outside technical world. There is no other interest in our Association 
of such wide appeal and general usefulness. It is a commentary on our activi- 
ties, the expression of our aims. It is our main channel for coéperation. 

To a very great extent the Bulletin is your achievement. In it every 
member should feel a just pride and a definite responsibility. It includes 
several departments to one or another of which you can all contribute from time 
to time. For the department headed “ Discussion” let us have your views and 
criticisms of articles by other authors. For the department on “Geological 
Notes”’ let us have brief descriptions of features which you think are of sufficient 
interest to tell vour geological friends. Above all, | would remind you always 
carefully to read the pages devoted to the Association Round Table. Too often 
members assert that they have not heard of certain Association affairs, although, 
as a matter of fact, these affairs have been printed in the Round Table for the 
consideration of the whole membership. Particularly it is your duty to read 
over the list of applicants for membership whenever such a list is published 
in the Association Round Table. If you know of reasons for denying mem- 
bership to any applicant, do not hesitate to communicate with Mr. Hull or 
with any of the executive officers. Let us all help to make the Bulletin serve 
its various purposes. 

Do not forget that we have regional associate editors whose pleasure it 
will be to assist you in preparing manuscripts, and who can often help you with 
pertinent advice. And I trust that these associate editors will not overlook 
the fact that they should be continually on the watch for subject matter and 
news items for the Bulletin, and also for promising young authors. 

By way of analysis, I may say that during 1929 the Bulletin contained 
1,612 pages as compared with 1,204 pages in 1928. In 1929 we published 61 
major articles; in 1928, 48. In 1929 we printed 22 geological notes compared 
with 19 in 1928. Of the major articles in 1929, 3 were on general topics; 14 
were on theoretical subjects and experimental results; 2 referred to paleon- 
tology; 4 to geophysics; 3 to foreign fields; and, bearing upon general stratig- 
raphy or geological structure, there were 21 papers concerning the southern 
Mid-Continent area, 5 on the northern Mid-Continent states, 5 on the Rocky 
Mountain states, and 4 on the Pacific Coast area. 

In August, 1929, we began a new department on “ Research Notes.”’ This is 
intended to function as a clearing house for brief reports and statements from 
our research committee, for suggestions from any of the Association members 
regarding problems worthy of research, and for reports of progress on research 
investigations under the auspices of the Association. This department needs 
more support. 
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The outstanding event of 1929 in the way of publication was the appear- 
ance of the two volumes of Structure of Typical American Oil Fields. Volume 
I came off the press in March, and Vol. II in December. Here I want to repeat 
what Mr. Rich said to you last year, that to Sidney Powers belongs a large 
amount of the credit for compiling and completing this valuable compendium 
of knowledge. 

At this annual meeting, for the first time, the technical program has been 
in charge of the editorial staff of the Association instead of under a local com- 
mittee. To the associate editors and the members of special committees 
appointed for soliciting papers on selected subjects, I want to express my warm 
appreciation of their efforts. To the many authors of our program we all owe 
a special debt of gratitude for a most interesting and instructive group of 
papers. My only regret is that in our earnest desire to give as many authors 
as possible opportunity to present their contributions, we have felt obliged to 
limit all papers to but a few minutes for presentation. Where contributions 
have thus been unduly abbreviated, we shall all look forward to reading them 
in full in the Bulletin. 

FREDERIC H. LAHEE, 
Third vice-president in charge of editorial work 


The ballot committee reported and the results of the election for officers 
were read by past-president McFarland. 


REPORT OF BALLOT COMMITTEE 


Nominations for officers of the Association were made in open meeting, 
Thursday afternoon, the first day of the meeting. Ballot boxes were open all 
day Friday. Total ballots cast, 415. 


For president, SIDNEY POWERS 244 
Davip DONOGHUE 171 
For first vice-president, R.D. REED unan. 
For second vice-president, MARVIN LEE 233 
J. M. SANDs 173 
For third vice-president, F.H. LAHEE unan. 
Ballot committee, M. G. CHENEY, chairman 
H. B. Fuqua WALLACE C. THOMPSON 
RICHARD HUGHES WILtis STORM 


A. F. Crider read the report of the resolutions committee. 


REPORT OF RESOLUTIONS COMMITTEE 


Be it resolved, that we express our appreciation and thanks to the following 
who have contributed to the success of the fifteenth annual meeting in New 
Orleans. 

1. The Roosevelt Hotel, Mr. Seymour Weiss, assistant manager, for the 
courteous and efficient service which the hotel has rendered the Association 
in connection with this meeting. 
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2. The New Orleans Convention and Publicity Bureau, represented by 
Mr. Sam Fowlkes, and the New Orleans Association of Commerce, represented 
by Mr. Howard S. Greene, who have had charge of arranging the details of 
the meeting which have been carried out so efficiently. 

3. Mr. R. A. Steinmayer, professor of geology at Tulane University. 
Professor Steinmayer is the only member of the Association living in New Or- 
leans, and on him has largely rested the burden of arranging and planning 
many of the details of this meeting. 

4. The Louisiana Gas and Fuel Company, the Standard Oil Company 
of Louisiana, the Louisiana Oil Refining Corporation, the Arkansas Natural 
Gas Corporation, and the Triangle Drilling Company, all of Shreveport, Lou- 
isiana, who have so generously contributed to the expenses incurred in connec- 
tion with the meeting. 

. The Louisiana Land and Exploration Company, through Mr. Frank 
W. DeWolf, and The Texas Company, through Mr. R. C. Stewart, for the 
courtesies they have rendered in connection with the special trip through the 
Terrebonne salt-dome development area. 

6. The Shreveport Geological Society, Mr. M. W. Grimm, president, 
and the various committees who have assisted Mr. J. Y. Snyder, president of 
the Association, in making this one of the most successful meetings that the 
Association has ever enjoyed. 

7. Mr.H.C. Ferrell and Mr. Warren Coons, of the Standard Oil Company 
at New Orleans, who have arranged and carried into execution the golf tourna- 
ment which was enjoyed by all who participated; and the officials of the Audu- 
bon Club, through whose courtesy the club and the course were made available. 


Be it resolved, that we express our appreciation and thanks to the Fort 
Worth Geological Society for the recent contribution which it has made to the 
extent of $900.00 to the Revolving Publication Fund of the Association. 


Whereas, one of our oldest and most loval members, W. C. Spooner, of 
Shreveport, on account of serious illness, has been unable to attend the meeting, 


Be it resolved, that we express our regret that he has been unable to be 
present, and tender him our best wishes for his speedy recovery. 


Be it resolved, that these resolutions be spread upon the records of the 
Association, and that a copy of each specific resolution be mailed to the indi- 
viduals, societies, organizations, and companies mentioned. 


The resolutions were unanimously adopted. 


Resolutions committee, JAMES H. GARDNER, chairman 
A. F. CRIDER 
R. E. RETTGER 


Upon request of Mr. McFarland, Wallace E. Pratt, chairman of the gen- 
eral business committee, took the chair and presented the recommendations 
for action of the Association. 
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REPORT OF BUSINESS COMMITTEE 


(The recommendations by the committee are in the form of resolutions 
unanimously carried by the Association.) 


1. Annual meeting date 
Moved, that the date of the annual meeting be not changed. 


2. Mississippi River flood control 

Whereas, the American Association of Petroleum Geologists in convention 
assembled at New Orleans realizes the importance of a correct and adequate 
solution of the problem of flood control in the lower Mississippi River Basin, ; 
and 


Whereas, this solution is vital to an important and growing section of our 
country, and 


Whereas, this Association considers it important to assemble all of the * La 
scientific facts bearing on this problem, both geologic and otherwise; 


Be it resolved, by the American Association of Petroleum Geologists in 
convention assembled, that it favors the expansion of the present Mississippi 
River Laboratory into a permanent scientific observatory to assemble all of 
the scientific facts and to make a study of the various aspects of the problem 
of flood control; 


Resolved, that it commends the efforts of General Brown and his colleagues 
of the Corps of Army Engineers in establishing the present laboratory; 


Resolved, that it recommends to the Congress of the United States ade- 
quate and liberal support for the maintenance of this observatory; 


Resolved, that the Association proffer its services to Genera! Brown and a 
his associates in this connection; 


Resolved, that a copy of this resolution be furnished to the press, that a a 
copy be spread on the minutes of this meeting, and that a copy be forwarded to Fs = 
General Brown and his associates. ksi ae 


3. International Geological Congress a 

Moved, that the American Association of Petroleum Geologists accept the fe ; 
invitation of the Organization Committee for the 16th International Geological , es 
Congress to edit and publish the proposed monograph dealing with the petro- Ss 


leum resources of the world and offer it for sale to members of the Congress 
and others at a price sufficient to eventually return to the Association the cost 
of publication, and 


Moved, that it authorize the executive committee of the Association to 
make necessary arrangements with the Organization Committee of the Con- 
gress to carry this program into effect. 
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4. Publication Fund 

Moved, that the executive committee take such steps as in its judgment 
are desirable to encourage groups or the membership at large to make contri- 
butions to the revolving publication fund, increasing the fund to $10,000.00. 


5. Oil in igneous rocks 
Moved, that the 1931 annual meeting of the Association concentrate at- 
tention on the occurrence of oil in igneous rocks. 


6. Stratigraphic sections 

Moved, that the executive committee grant the sum of $60.00, more or 
less, for the purpose of copyrighting in the name of the Association the strati- 
graphic sections in Oklahoma and adjacent states prepared by Levorsen’s 
committee on the project, approved by the research committee, such grant 
later to be repaid from the sale of copies of the sections. 


7. Report of Research Committee to Business Committee on Financing of Research 

Moved, that the following report from the research committee be ac- 
cepted and approved. 

Under instructions from the research committee of the Association, the 
proposal to raise funds for financing certain research projects under super- 
vision of the research committee is submitted for approval of the business 
committee. It is suggested that a committee be appointed by the president 
of the Association and be empowered to solicit in the name of the Association 
(1) contributions to a general research fund of $50,000.00, the income of which 
may be used for the promotion of research projects and activities specifically 
approved and supervised by the research committee; (2) research foundations 
in amounts of $5,000.00 and more, which shall carry the name of the donor, 
the revenue, or, with the approval of the executive committee of the Association 
and the consent of the donor, the principal of which shall be employed for the 
promotion of research projects specifically approved and supervised by the 
research committee; publication of the results of such researches to be con- 
trolled by the Association and to carry acknowledgment of the name of the 
research foundation under which the investigations were done. 

Research constitutes the foundation stone or the life-blood of scientific 
progress. The American Association of Petroleum Geologists should be the 
leader in all things which will promote research. The research committee 
has specifically considered and has approved several important research 
projects, the carrying out of which depends upon the raising of funds to defray 
expenses. There are many other projects that would yield definite results 
of value to petroleum geology. The research committee urges you to approve 
a motion to authorize the adequate financing of a research program under the 
auspices of the Association. 

Sub-Committee, RAayMonD C. Moore 
F. B. PLUMMER 
8. El Paso joint meeting 

Moved, that the executive committee commend the West Texas Geological 

Society for the interest shown in joining with the American Mining Congress 
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and the American Institute of Mining and Metallurgical Engineers in the 
proposed fall meeting at El Paso. 


g. Report of Constitution committee 

Moved, that the following amended constitution and by-laws, as proposed 
by the constitution committee, and as further amended by the business com- 
mittee, be approved, and, subject to approval of legality by counsel, be sub- 
mitted by letter ballot to the active members of the Association. 


CONSTITUTION AND BY-LAWS 

(Adopted 1918 and amended 1921, 1923, 1925, 1927, 1928, 1929, and 1930) ak 
ConsTITUTION 

ARTICLE I. NAME a 

This Association shall be called ‘“‘The American Association of Petroleum = 
Geologists,” incorporated under the laws of Colorado the 21st day of April, . ee 
1924, for a period of twenty (20) years. ; F 
ARTICLE II. OBJECT ali 

The object of this Association is to promote the science of geology, es- : a 


pecially as it relates to petroleum and natural gas; to promote the technology 
of petroleum and natural gas and improvements in the methods of winning he 
these materials from the earth; to foster the spirit of scientific research amongst = 
its members; to disseminate facts relating to the geology and technology of 9 
petroleum and natural gas; to maintain a high standard of professional con- ‘" 
duct on the part of its members; and to protect the public from the work of in- 3 
adequately trained and unscrupulous persons posing as petroleum geologists. ‘i 


ARTICLE Ill. MEMBERSHIP 


Members 


SECTION 1. Any person engaged in the work of petroleum geology or in “ 
research pertaining to petroleum geology or technology is eligible to active 
membership, provided he is a graduate of an institution of collegiate standing, 
in which institution he has done his major work in geology, or in sciences 


fundamental to petroleum geology, and in addition has had the equivalent of at 
three years’ experience in petroleum geology or in the application of these nr 
other sciences to petroleum geology or to research in petroleum geology or 3 
technology; and provided further that in the case of an applicant for member- a 


ship who has not had the required collegiate or university training, but whose 
standing in the profession is well recognized, he shall be admitted to member- 


ship when his application shall have been favorably and unanimously acted i ‘ 
upon by the executive committee; and provided further that these require- “a 
ments shall not be construed to exclude teachers and research workers in ; a 


recognized institutions whose work is of such character as in the opinion of 
the executive committee shall qualify them for membership. 
Active members alone shall be known as members. 
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Life Members 


SECTION 2. The executive committee may grant life membership to mem- 
bers who have paid their dues and are otherwise qualified. 


Associates 


SECTION 3. Any person having completed as much as thirty hours of 
geology (an hour shall here be interpreted as meaning as much as sixteen reci- 
tation or lecture periods of one hour each, or the equivalent in laboratory) in a 
reputable institution of collegiate or university standing, or who has done 
field work equivalent to this, is eligible to associate membership, provided at 
the time of his application for membership he shall be engaged in geological 
studies in an institution of collegiate or university standing, or shall be engaged 
in petroleum geology; and any person who is a graduate of an institution of 
collegiate standing in which he has done his major work in sciences fundamental 
to petroleum geology or petroleum technology, and who has the equivalent of 
one year’s experience in the application of his science to the study of petroleum 
geology, shall be eligible to associate membership, provided at the time of his 
application for membership he shall be engaged in investigations in the broader 
subject of petroleum geology and technology. 

Associate members shall be known as associates. 

Associates shall enjoy all the privileges of membership in the Association, 
save that they shall not hold office, sign applications for membership, or vote; 
neither shall they have the privilege of advertising their affiliation with the 
Association in professional cards or professional reports or otherwise. 


Election to Membership 


SECTION 4. Every candidate for admission as a member or associate 
shall submit a formal application signed by him and endorsed by not less than 
three members, stating his training and experience and such other facts as the 
executive committee shall from time to time prescribe. The executive com- 
mittee shall publish the names of such applicant and his sponsors at least once 
in the Bulletin. 

Election to membership in any class shall be by, and solely at the dis- 
cretion of, the executive committee; and except where unanimous action is 
herein required, the affirmative vote of a majority of this committee shall be 
sufficient for election. 

SECTION 5. An applicant for membership, on being notified of his election 
in writing, shall pay full membership dues for the current year and on making 
such payment shall be entitled to receive the entire Bulletin for that year. 
Unless payment of dues is made within thirty (30) days by those living within 
the continental United States and within ninety (90) days by those living 
elsewhere, after notice of election has been mailed, the executive committee 
may rescind the election of the applicant. Upon payment of dues, each appli- 
cant for membership shall be furnished with a membership card for the current 
year, and until such written notice and card are received, he shall in no way be 
considered a member of the Association. 
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Honorary Members 


SECTION 6. The executive committee may from time to time elect as 
honorary members persons who have contributed distinguished service to the 
cause of petroleum geology. Honorary members shall not be required to pay 
dues. 


ARTICLE IV. EXECUTIVE COMMITTEE—MEETINGS AND DUTIES 


Executive Committee 


SECTION 1. The executive committee shall consist of the president, past 
president, and first, second, and third vice-presidents. 


Meetings and Duties 


SECTION 2. The executive committee shall meet immediately preceding 
the annual meeting and at the call of the president may hold meetings when 
and where thought advisable, to conduct the affairs of the Association. A joint 
meeting of the outgoing and incoming executive committees shall be held im- 
mediately after the close of the annual business meeting. Members of the 
executive committee may vote by proxy on matters which require a unanimous 
vote. 

SECTION 3. The executive committee shall consider all nominations for 
membership and pass on the qualifications of the applicants; shall have control 
and management of the affairs and funds of the Association; shall determine 
the manner of publication and pass on the material presented for publication; 
and shall designate the place of the annual meeting. They are empowered to 
establish a business headquarters for the Association, and to employ such per- 
sons as are needed to conduct the business of the Association. They are em- 
powered to accept, create, and maintain special funds for publication, research, 
and other purposes. They are empowered to make investments of both general 
and special funds of the Association. ‘Trust funds may be created giving to the 
trustees appointed for such purpose such discretion as to investments as seems 
desirable to the executive committee to accomplish any of its objects and pur- 
poses, but no such trust funds shall be created unless they are revocable upon 
ninety (go) days’ notice. 


ARTICLE V. OFFICERS AND THEIR DUTIES 


Officers 


SECTION 1. The officers of the Association shall consist of a president, 
a first vice-president, a second vice-president in charge of secretarial and 
financial affairs, and a third vice-president in charge of editorial work. These, 
together with the retiring past president, shall constitute the executive com- 
mittee and managers of the Association. 

SECTION 2. The officers shall be elected annually from the Association 
at large by written ballot deposited in a locked ballot box by those active 
members, present at the annual meeting, who have paid their current dues and 
are otherwise qualified under the constitution. Each candidate, when voted 
for as a candidate for the particular office which he seeks, shall be thereby 
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automatically voted for as a candidate for the executive committee for one 
year, except that candidates for the presidency shall be automatically voted 
for as candidates for the executive committee for two years. 
SECTION 3. No one shall hold the office of president for two consecutive 
years. 
Duties of Officers 


SECTION 4. The president shall be the presiding officer at all meetings of 
the Association, shall take cognizance of the acts of the Association and of its 
officers, shall appoint such committees as are required for the purposes of the 
Association, and shall delegate members to represent the Association. He may, 
at his option, serve on, and may be chairman of, any committee. 

SECTION 5. ‘The first vice-president shall assume the office of president in 
case of a vacancy from any cause in that office and shall assume the duties of 
president in case of the absence or disability of the latter. 

SECTION 6. The second vice-president shall assume the duties of president 
in case of the absence of both the president and first vice-president. He shall 
be ex-officio secretary and treasurer, and have charge of the financial affairs 
of the Association, and shall annually submit reports as such secretary and 
treasurer covering the fiscal year. He shall receive all funds of the Association, 
and, under the direction of the executive committee, shall disburse all funds 
of the Association. He shall cause an audit to be prepared annually by a public 
accountant at the expense of the Association. He shall give a bond, and shall 
cause to be bonded all employees to whom authority may be delegated to 
handle Association funds. The amount of such bonds shall be set by the ex- 
ecutive committee and the expense shall be borne by the Association. The funds 
of the Association shall be disbursed by check as authorized by the executive 
committee. 

SECTION 7. The third vice-president shall be in charge of editorial busi- 
ness, shall submit an annual report of such business, shall have authority to 
solicit papers and material for the Bulletin and for special publications, and, 
with the approval of the executive committee, may accept or reject material 
offered for publication. He may appoint associate, regional, and special 
editors. 

SECTION 8. The officers shall assume the duties of their respective offices 
immediately after the annual meeting in which they are elected. 


ARTICLE VI. MEETINGS 


The Association shall hold at least one stated meeting each year, which 
shall be the annual meeting. This meeting shall be held in March at a time 
and place designated by the executive committee. At this meeting the election 
of members shall be announced, the proceedings of the preceding meeting 
shall be read, Association business shall be transacted, scientific papers shall 
be read and discussed, and officers for the ensuing year shall be elected. 


ARTICLE VII. AMENDMENTS 


Amendments to this constitution may be proposed by a resolution of the 
executive committee, by a constitutional committee appointed by the presi- 
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dent, or in writing by any ten members of the Association. All such resolu- 
tions or proposals must be submitted at the annual meeting of the business 
committee of the Association as provided in the by-laws, and only the business 
committee shall make recommendations concerning proposed constitutional 
changes at the annual Association business meeting. If such recommendations 
by the business committee shall be favorably acted on at the annual Associa- 
tion business meeting, the second vice-president shall arrange for a ballot 
of the membership by mail within thirty days after said annual Association 
business meeting, and a majority vote of the ballots received shall be sufficient 
to amend, provided more than one-half of the members return ballots. 


By-Laws 
ARTICLE I. DUES 


SECTION 1. The fiscal year of the Association shall correspond with the 
calendar year. 

SECTION 2. The annual dues of members of the Association shall be fif- 
teen dollars ($15.00). The annual dues of associates shall be ten dollars ($10.00). 
The annual dues are payable in advance on the first day of each calendar year. 
A bill shall be mailed to each member or associate before January first of each 
year, stating the amount of the annual dues and the penalty and conditions for 
default in payment. Members or associates who shall fail to pay their annual 
dues by April first shall not receive copies of the April Bulletin or succeeding 
Bulletins until such arrears are met. 

SECTION 3. On the payment of three hundred dollars ($300.00) any mem- 
ber in good standing shall be declared a life member and thereafter shall not 
be required to pay annual dues. The funds derived from this source shall be 
placed in a permanent investment, the income from which shall be devoted 
to the same purposes as the regular dues. 


ARTICLE II. RESIGNATION—-SUSPENSION—EXPULSION 


SECTION 1. All resignations from the Association shall be presented in 
writing. The resignation of members or associates shall be accepted by the 
executive committee, subject to the payment of all outstanding dues or obli- 
gations of the resigning member or associate. 

SECTION 2. Any member or associate who is more than a year in arrears 
on his dues shall be suspended, and any member or associate more than two 
years in arrears shall be dropped from the Association, unless the time of pay- 
ment is extended by a unanimous vote of the executive committee. 

SECTION 3. Any person who has ceased to be a member or associate 
under Section 1 or 2 of this Article may be reinstated by a unanimous vote of 
the executive committee. 

SECTION 4. Any member or associate who, after being granted a hearing 
by the executive committee, shall be found guilty of violation of the code of 
ethics of this Association or shall be found guilty of a violation of the estab- 
lished principles of professional ethics, may be suspended or expelled from the 
Association by a unanimous vote of the executive committee. 
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ARTICLE Ill. PUBLICATIONS 


SECTION 1. The proceedings of the annual meeting and the papers pre- 
sented at such meeting shall be published in the annual Association Bulletin 
or in such other form as the executive committee may decide best mects the 
needs of the membership of the Association. 

SECTION 2. The payment of annual dues for any fiscal year entitles the 
member or associate to receive without further charge a copy of the Bulletin 
of the Association for that year. 

SECTION 3. The executive committee may authorize the printing of 
special publications to be financed by the Association from its general, publica- 
tion, or special funds and offered for sale to the membership at not less than 
the cost of publication and distribution. 


ARTICLE IV. REGIONAL SECTIONS, TECHNICAL DIVISIONS, AND 
AFFILIATED SOCIETIES 


SECTION 1. Regional sections of the Association may be established 
provided the members of such sections are members of the Association and shall 
perfect an organization and make application to the executive committee. 
The executive committee shall submit the application to a vote at a regular 
annual meeting, an affirmative vote of two-thirds of the members present 
and voting being necessary for the establishment of such a section; and pro- 
vided that the Association may revoke the charter of any regional section by a 
vote of two-thirds of the members present and voting at a regular annual 
meeting. 

SECTION 2. Technical divisions may be established, provided the mem- 
bers interested shall perfect an organization and make application to the ex- 
ecutive committee. The executive committee shall submit the application to 
a vote at a regular meeting, an affirmative vote of two-thirds of the member- 
ship present and voting being necessary for the establishment of such a divi- 
sion; and provided that the Association may dissolve a division by an affirma- 
tive vote of two-thirds of the members present and voting at any annual meet- 
ing. A technical division may have its own officers and it may have its own 
constitution and by-laws provided that, in the opinion of the executive com- 
mittee, these do not conflict with the constitution and by-laws of the Associa- 
tion. The executive committee shall be empowered to make arrangements 
with the officers of the division for the conduct of the business of the division. 
A division may admit to affiliate membership in the division specially qualified 
persons who are not eligible to membership in the Association. 

SECTION 3. Subject to the affirmative vote of two-thirds of the member- 
ship present and voting at an annual meeting, and with legal advice, the ex- 
ecutive committee may arrange conditions for the affiliation or merger with 
the Association of duly organized groups or societies, which by object, aims, 
constitution, by-laws, or practice are developing the study of petroleum geology 
or technology. 


ARTICLE V. DISTRICT REPRESENTATIVES 


SECTION 1. The executive committee shall cause to be elected district 
representatives from districts which it shall define by a local geographic group- 
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ing of the membership. Such districts shall be redesignated and redefined by 
the executive committee as often as seems advisable. Each district shall be 
entitled to one representative for every seventy-five members, but this shall 
not deprive any designated district of at least one representative. The repre- 
sentatives so apportioned shall be chosen from the membership of the district 
by a written ballot arranged by the executive committee. They shall hold 
office for two years, their term of office expiring at the close of the annual 
meeting. 
ARTICLE VI. BUSINESS COMMITTEE 


SECTION 1. There shall be a business committee to act as a council and 
advisory board to the executive committee and the Association. This committee 
shall consist of the executive committee, not more than five members at large 
appointed by the president, two members elected by and from each technical 
division, and the district representatives. ‘The president shall also appoint 
a chairman who need not be one of those otherwise constituting the business 
committee. ‘The second vice-president shall act as secretary of the business 
committee. If a district or technical representative is unable to be present 
at any meeting of the committee he may designate an alternate, who, in the case 
of a district representative, may or may not be a resident of the district he is 
asked to represent, and the alternate, on presentation of such a designation in 
writing, shall have the same powers and privileges as a regularly chosen rep- 
resentative. The business committee shall meet the day before the annual 
meeting at which time all proposed changes in the constitution or by-laws 
shall be considered, all old and new business shall be discussed, and recommen- 
dations shall be voted for presentation at the annual meeting. 


ARTICLE VII. AMENDMENTS 


These by-laws may be amended by vote of three-fourths of the members 
present and voting at any annual meeting, provided that such changes shall 
have been recommended to the meeting by the business committee. 


Constitution committee, MAx W. BALL, chairman 
C. R. vice-chairman 
D. C. BARTON SIDNEY POWERS 
R. C. Corrin G. R. STEVENS 
ANTHONY FOLGER 


10. (Qualifications of geophysicists and paleontologists 

Whereas, after careful study of the question and after consultation with 
many members of the Association, the executive committee of 1929 were unan- 
imously of the opinion that Article III of the constitution, regarding qualifica- 
tions for membership, permits a liberal interpretation which would justify 
admission of properly qualified and experienced geophysicists and paleontolo- 
gists to membership in the Association provided they are engaged in petroleum 
geology in its broader meaning; and 

Whereas, after careful study of the question, the present executive com- 
mittee is unanimously of the opinion that properly qualified and experienced 
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geophysicists and paleontologists engaged in the search for petroleum should 
be admitted to membership in the Association, although this committee is 
divided in its opinion as to whether a rewording of this article in the constitu- 
tion would not be better than a liberal interpretation of the requirements as 
at present defined, 


Be it resolved, 


(1) That, until Article III of the constitution be written so that it shall 
more clearly cover the case of the geophysicists and paleontologists, a liberal 
interpretation be placed on this article in reference to the admission of properly 
qualified and experienced geophysicists and paleontologists to membership 
in the Association, and 

(2) That the Association hereby extends to the geophysicists and pal- 
eontologists engaged in petroleum geology an invitation to join the Association 
on terms and with rights and privileges equal to those of geologists of the same 
rank. 

Business committee, WALLACE E. Pratt, chairman 
A. R. DENISON, secretary 


D.C. Barton’ R.E. Dickerson TuHeo. A. LINK L. C. SNIDERS 

S. P. BORDEN A. W. Duston C.R.McCottom J. Y. SNYDER 

J. P. H. B. Fuqua R.S. McFartanp E. SOMERS 

M. G. CHENEY  S. A. GROGAN F. A. Morcan, Jr. Storm 
GLENN C. CrarK R. F. Impt H. J. Packarp$ A. C. TROWBRIDGE 
Victor CoTtNeEr’? F. H. LAHEE SIDNEY POWERS J. M. VETTER 

E. F. Davis MARVIN LEE J. B. REEsmeE! L. H. WHITE 

A. DEUSSEN A.I. LEvorsEN Cuas. H. Row W. E. WRATHER 


Maracaibo Section 

Upon recommendation by the executive committee it was 

Moved, that the petition of the Maracaibo Geological Association to be 
made a regional section of the A. A. P. G. be approved, and that the executive 
committee officially charter the Maracaibo Section of the Association. 

The motion carried unanimously. 


Paleontology and Mineralogy Section (Division) 


Upon recommendation by the executive committee it was 

Moved, that the petition of the Society of Economic Geologists and Min- 
eralogists to be made a technical section (division) of the A. A. P. G. be approved 
and that the executive committee officially charter the Section (Division) of 
Paleontology and Mineralogy. 

The motion carried unanimously. 


‘Bowen represented C. W. Clark. 

2Cotner represented H. E. Crum vice Max Bauer resigned. 
3Packard represented C. M. Rath and H. A. Stewart. 
4Reeside represented H. D. Miser. 

sSnider represented H. J. Wasson. 
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Methods of election 
Mr. Gardner offered the following motion. 


Moved, 

(1) That the question of method of election of officers, which was tabled 
at the last annual meeting for a period of two years, be taken from the table 
and reopened for study during the coming year; and 

(2) That a committee of seven be selected by the executive committee and 
appointed by the president within the next sixty days, for the purpose of 
thoroughly canvassing the methods of election of officers; carefully studying 
these methods; drawing up suggestions for the proper method of election of 
officers of the Association; submitting these suggestions to the business repre- 
sentatives and local geological societies for their recommendations; and finally, 
after receiving expressions of opinion from the membership through this means, 

(3) That the committee draft such changes in the methods of election of 
officers as may seem desirable and submit the same to the business committee 
of 1931 for their recommendation. 

After some discussion the motion carried, with 3 or 4 opposed. 

The meeting was adjourned at 11:20 A. M. 

A. R. DENISON, 
Second vice-president 
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Memorial 


IRVING V. AUGUR 


Irving Augur died in Ojai, California, on February 17, 1930, at the age of 
43. He had been in poor health for two years previously, and had only recently 
moved to Ojai and planned to give up active work on account of his health. 
Like so many other Americans, the call of the strenuous life was so strong 
with him that he did not accept the warnings of impending trouble until it was 
too late. A visit by the writer a few days before his death found him busy 
with plans for the future; a typical American in his desire for accomplishment. 

Irving Augur was born in Iowa and came with his family to Los Angeles 
when of high school age. He graduated from the Los Angeles High School, 
and attended the University of Southern California, where he was a member 
of the Theta Psi fraternity. He later attended the University of California 
at Berkeley, from which he graduated in 1910, having majored in geology. 
He belonged to the Phi Kappa Sigma fraternity, and was prominent in music 
and dramatics, taking part in several college operas, and singing the leading 
part in his class Senior Extravaganza. 

After graduation he followed the oil business as geologist, petroleum en- 
gineer, and company executive. He became well known as a deputy oil and 
gas supervisor for the California State Mining Bureau, in which capacity he 
served from 1917 to 1920. At the time of his resignation from the Mining 
Bureau he was in charge of the Los Angeles office, and had contributed sev- 
eral useful articles on petroleum engineering in the fields in which he had 
been stationed. 

In 1920 he became one of the organizers of the Bolsa Chico Oil Company, 
and was successively its treasurer, vice-president, and president, becoming 
president in 1926. The progress of the company from a start with one well 
at Huntington Beach to its present standing was largely due to his efforts 
and ability. This was his crowning accomplishment, and by it he will be re- 
membered in the oil business. 

By his many friends he will be remembered for his friendly and affable 
nature, and his talents in connection with social entertainments. It was along 
this line that he was especially active in The American Association of Petrol- 
eum Geologists. For the 1926 meeting in Los Angeles he arranged the dinner 
and dance at the Flintridge Country Club, and again in 1928 he arranged the 
dinner in the Mack Sennet Studio, which will be long remembered by all those 
who were fortunate enough to attend. He was never happier than when fol- 
lowing his avocation of entertainer and purveyor of good times to his friends. 

He was married in 1916 to Dora Rogers, daughter of an old Los Angeles 
family, and a sweetheart of his high school days. The congenial atmosphere 


681 


4 
‘ 
_ 
4 
a 
4 


682 MEMORIAL 


of his home gave him rest and strength for his very strenuous business life. 
One son, Irving Junior, is now six years of age. 
He is survived by his parents, Edmund F. and Ella Augur, two sisters 
and a brother, besides his wife and son. 
WALTER A. ENGLISH 
Los ANGELES, CALIFORNIA 
March, 1930 
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AT HOME AND ABROAD 


EMPLOYMENT 


The Association maintains an employment service at headquarters under 
the supervision of J. P. D. Hull, Business Manager. 

This service is available both to members who desire new positions and to 
companies and others who desire Association members as employees. All 
requests and information are handled confidentially and gratuitously. 

To make this service of maximum value it is essential that members 
coéperate fully with Mr. Hull, especially concerning positions available to 
active and associate members. 


Officers of the San Antonio Section of the A. A. P. G. are: president, D. 
R. SEMMEs, consulting geologist; vice-president, HERSCHEL H. CoopEr, con- 
sulting geologist; and secretary-treasurer, Ep. W. Owen, L. H. Wentz-Oil 
Division, all located in the Milam Building, San Antonio, ‘Texas. 


C. D. Avery and C. E. Dosstn, of the conservation branch of the U. S. 
Geological Survey, Rocky Mountain division, are making a land classification 
of coal and oil lands in Louisiana, Mississippi, and Alabama. 


ARTHUR L. HAWKINS, geologist for the past eight years with the Trans- 
continental Oil Company, has resigned and opened an office in the Continental 
Oil Building, Denver, Colorado, as consulting geologist. 


H. W. C. PRoMMEL, consulting geologist, of Denver, Colorado, has accept- 
ed a position as chief geologist in charge of non-ferrous minerals for the Soviet 
government of Russia. Mr. Prommel’s home address is 731 South Downing 
Street, Denver, Colorado. 


James B. TEMPLETON has resigned from charge of the East Texas district 
of the Tidal Oil Company, Tyler, Texas, and is making a consulting trip to 
San Domingo for George Devendorf of New York City. 


E. P. Puirprick, of Tulsa, has been transferred to the Wichita, Kansas, 
office of the Magnolia Petroleum Company as head of the geological depart- 
ment. 


GEoRGE R. STEVENS, in charge of the activities of the Simms Oil Company 
at Shreveport, Louisiana, has resigned to operate independently. 


Epcar Kraus, geologist for the Atlantic Oil Producing Company at San 
Angelo, Texas, recently presented a paper on “‘ Petroleum Geology as Practiced 
in West Texas,”’ before the Bureau of Economic Geology of the University of 
Texas and the Southwestern Geological Society at Austin, Texas. 
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E. DEGOLYER has been appointed by president SpNEY Powers as chair- 
man of the A. A. P. G. general business committee and ALEXANDER DEUSSEN 
has been appointed vice-chairman. ALEx W. McCoy and D. C. BARTON are 
members-at-large. 


Howarp SAMUELL has been elected vice-president and geologist for the 
Empress Oil and Gas Corporation, with Texas offices at San Antonio and 
Coleman. 


HENRY S. WASHINGTON, in the first issue of the Journal of the Maryland 
Academy of Sciences, calls attention to the fact that the ridge in the middle of 
the South Atlantic midway between Africa and South America and known as 
St. Paul’s Rocks is composed of metamorphic rocks. This militates against 
the Wegener hypothesis of the westward drift of the American contirents. 


A. J. BAUERNSCHMIDT, Jr., recently with the Sun Oil Company, has taken 
a position as paleontologist and geologist with The Union Sulphur Company 
and is now located at Sulphur, Louisiana. 


Proressor W. H. Twennorer, of the department of geology at the 
University of Wisconsin, made a lecture tour of the southwest early in April 
to discuss the origin and constitution of limestone and related rocks and the 
influence of climate and topography on sedimentation. He spoke at Wichita, 
April 7; at Oklahoma City, April 8: at Tulsa, April 9; at Fort Worth, April 10, 
and at San Angelo, April 12, under the auspices of the geological societies of 
these cities. 


Donatp C. Barton is president, E. E. RosatreE is vice-president, and 
Joun F. WEINzIERL is secretary, of the newly organized Society of Economic 
Geophysicists, with headquarters at Houston, Texas. 


H. Norton Jounson, geologist for the General Petroleum Corporation, 
Los Angeles, published “California Oil Production Outlook for 1930” in 
Mining and Metallurgy for April, 1930. 


W. C. Spooner, consulting geologist, of Shreveport, Louisiana, has moved 
his office to the Slattery Building. 


STANLEY C. HEROLD, consulting geologist at Los Angeles, California, and 
umpire at Kettleman Hills, read a paper before the March American Petroleum 
Institute meeting in Los Angeles entitled “Problem of Drainage at Kettle- 
man Hills.”” It was published in the Oil and Gas Journal (March 27, 1930). , 


JosEPHINE E. TILDEN, professor in the University of Minnesota, has 
proved that the red color of Mesozoic and Paleozoic red rock salt is due in 
large part to the presence of ferrous iron oxide, although chromogenic bacteria 
are the source of the red color in modern brines and in salt made from these 
brines. The rock salt contains fossil filamentous blue-green algae. See “A 
Phycological Examination of Fossil Red Salt from Three Localities in the 
Southern States,’ Amer. Jour. Sci. (5), Vol. 19 (1930), pp. 297-304. 


Jun-ichi Takahashi and Tsugio Yagi, of Tohoku Imperial University, 
Sendai, Japan, in a paper entitled “The Peculiar Mud-Grains in the Recent 
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Littoral and Estuarine Deposits, with Special Reference to the Origin of 
Glauconite,” Annual Report of the Work of Saito Ho-on Kai, No. 5 (Sendai, 
December, 1929), call attention to the coprolitic origin of mud-grains which 
may or may not contain glauconite. 


Joun M. Lovejoy, president of the Petroleum Bond and Share Company 
of New York City, spent April in Europe on a business trip. 


A. W. AMBROSE, manager of the oil production division and of the geolog- 
ical and land departments of the Empire Gas and Fuel Company, at Bartles- 
ville, Oklahoma, has been elected a vige-president of the company. 


CHARLES M. Coats, formerly of El Dorado, Arkansas, is now engaged in 
the oil business of Wichita, Kansas. 


Davin P. Dean, geologist for the Barnsdall Oil Company, has been 
transferred to Jackson, Mississippi. 


C. A. McApams, of Wichita, Kansas, has resigned from the White Eagle 
Oil and Refining Company. 


Irwin HucGuEs and W. J. Notre, of Wichita Falls, Texas, are engaged 
in consulting practice. 


H. W. McCLeELLAN is in charge of geological work for the Burke-Greis 
Oil Company at Tulsa. 


B. S. RipGEway, in charge of geological work for the Roth and Faurot 
Oil and Gas Company, left their employ, April 15, to go into consulting work 
for himself, with headquarters at Independence, Kansas. 


E. F. EsterGREN has resigned as geologist for The L. G. Bradstreet 
Company, and intends to go into consulting work. His address is, 1or1 Sixth 
Avenue, Fort Worth, Texas. 
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PROFESSIONAL DIRECTORY 


SPACE FOR PROFESSIONAL CARDS IS RESERVED FOR ACTIVE 
MEMBERS OF THE ASSOCIATION. FOR RATES, APPLY TO 


THE BUSINESS MANAGER, 


BOX 1852, TULSA, OKLAHOMA 


CHESTER W. WASHBURNE 


GEOLOGIST 


149 BROADWAY NEW YORK 


HUNTLEY & HUNTLEY 


PETROLEUM GEOLOGISTS 
AND ENGINEERS 


L. G. HUNTLEY 
SHIRLEY L. MASON 
J. R. WYLIE, JR. 


GRANT BUILDING, PITTSBURGH, PA. 


EDWIN B. HOPKINS 


CONSULTING GEOLOGIST 


25 BROADWAY NEW YORK 


GEO. C. MATSON 


GEOLOGIST 


614 TULSA TRUST BUILDING TULSA, OKLA. 


JAMES L. DARNELL 


ENGINEER 


420 LEXINGTON AVE. NEW YORK 


DABNEY E. PETTY 


CHIEF GEOLOGIST 


PETTY GEOPHYSICAL ENGINEERING COMPANY 


SAN ANTONIO, TEXAS 


RALPH E. DAVIS 
ENGINEER 


GEOLOGICAL EXAMINATIONS 
APPRAISALS 


1710 UNION BANK BLDG. PITTSBURGH, PA. 


DEWITT T. RING 


GEOLOGIST 


99 NORTH FRONT ST. COLUMBUS, OHIO 


FRANK W. DEWOLF 


THE LOUISIANA LAND & 
EXPLORATION Co. 


ESPERSON BUILDING HOUSTON, TEXAS 


WILLARD W. CUTLER, JR. 


EVALUATIONS AND GEOLOGICAL 
REPORTS 


ROOSEVELT BUILDING 
LOS ANGELES, CALIFORNIA 
TUCKER 8089 
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E. DEGOLYER 
GEOLOGIST 


65 BROADWAY 


NEW YORK 


M. M. VALERIUS 


PETROLEUM GEOLOGIST 


PHILCADE BUILDIIG 


TULSA OKLAHOMA 
PHILLIP MAVERICK 
JOHN L. RICH 
PETROLEUM GEOLOGIST 
GEOLOGIST 
RUST BUILDING 
SAN ANGELO TEXAS OTTAWA KANSAS 
BROKAW, DIXON, GARNER 
STUART ST. CLAIR & McKEE 
GEOLOGISTS PETROLEUM ENGINEERS 
CONSULTING GEOLOGIST EXAMINATIONS APPRAISALS 
ESTIMATES OF OIL RESERVES 
120 BROADWAY CARACAS 
420 LEXINGTON AVENUE NEW YORK NEW YORK VENEZUELA 


JOSEPH A. TAFF 


CONSULTING GEOLOGIST 
ASSOCIATED OIL Co. 
79 NEW MONTGOMERY ST. 
SOUTHERN PACIFIC COMPANY 
65 MARKET ST. 


R. W. LAUGHLIN 


SAN FRANCISCO 


W. E. WRATHER 
PETROLEUM GEOLOGIST 


4300 OVERHILL DRIVE 


DALLAS TEXAS 


WELL ELEVATIONS 
OKLAHOMA AND KANSAS 


LAUGHLIN-SIMMONS & Co. 


605 OKLAHOMA GAS BUILDING 
TULSA 


L. D. SIMMONS 


OKLAHOMA 


FREDERICK W. GARNJOST 


SPUYTEN DUYVIL 
NEW YORK CITY 


ALEXANDER DEUSSEN 
CONSULTING GEOLOGIST 


SPECIALIST, GULF COAST SALT DOMES 


1606 POST DISPATCH BUILDING 
HOUSTON, TEXAS 


FREDERICK G. CLAPP 
50 CHURCH STREET 


NEW YORK 
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Cc. MAX BAUER 


CONSULTING GEOLOGIST 


THE MIDWEST REFINING COMPANY 
ROUTE 3, Box 116, BOULDER, COLORADO 


OPEN FOR LIMITED ENGAGEMENTS 


LEON J. PEPPERBERG 


CONSULTING GEOLOGIST 


COLUMBIA ENGINEERING AND MANAGEMENT CorP. 
(CoLumBIA GAS AND ELECTRIC CoRP.) 


61 BROADWAY 99 NORTH FRONT STREET 
NEW YORK COLUMBUS, OHIO 


LOWELL J. RIDINGS 
GEOLOGIST 
EXAMINATIONS - APPRAISALS - FIELD PARTIES 
MEXICO AND SOUTH AMERICA 


APARTADO 344 TAMPICO 


WALTER STALDER 


PETROLEUM GEOLOGIST 
925 CROCKER BUILDING 


SAN FRANCISCO, CALIFORNIA 


L. A. MYLIUS 


PETROLEUM ENGINEER 


1711 EXCHANGE NATIONAL 
BANK BUILDING TULSA, OKLAHOMA 


BASIL B. ZAVOICO 


CONSULTING GEOLOGIST AND 
PETROLEUM ENGINEER 


501 PHILTOWER BUILDING 
TULSA, OKLAHOMA 
NEW YORK OFFICE 


11 BROADWAY 
PHONE: 4208 BOWLING GREEN 


FRED H. KAY 


PAN-AMERICAN PETROLEUM AND TRANSPORT 
COMPANY 


122 E. 42ND STREET NEW YORK 


J. S. HUDNALL G. W. PIRTLE 


HUDNALL & PIRTLE 
GEOLOGISTS 


COLEMAN TEXAS 


JOHN HOWARD SAMUELL 


CONSULTING GEOLOGIST AND 
PETROLEUM ENGINEER 


1025-28 NEW MAJESTIC BUILDING 
SAN ANTONIO, TEXAS 


FIELD HEADQUARTERS 
COLEMAN, TEXAS 


JOHN B. KERR 


PETROLEUM GEOLOGIST 
508 BALBOA BUILDING 


SAN FRANCISCO CALIFORNIA 


CHARLES T. LUPTON 


CONSULTING 
GEOLOGIST 


FIRST NATIONAL BANK BUILDING 
DENVER, COLORADO 


J. E. EATON 
CONSULTING GEOLOGIST 
FOREIGN AND DOMESTIC FIELD PARTIES 


628 PETROLEUM SECURITIES BUILDING 
LOS ANGELES CALIFORNIA 
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J. P. SCHUMACHER W. G. SAVILLE 
R. Y. PAGAN A. C. PAGAN 


TORSION BALANCE 
EXPLORATION CO. 


TORSION BALANCE SURVEYS 


PHONE: PRESTON 7315 
730-32 POST DISPATCH BUILDING 


HOUSTON TEXAS 


CARROLL H. WEGEMANN 
CHIEF GEOLOGIST 


PAN-AMERICAN PETROLEUM AND 
TRANSPORT COMPANY 


122 EAST 42ND STREET 


NEW YORK 


G. JEFFREYS 
CONSULTING GEOLOGIST 
PHONE JOHN 2584 


80 MAIDEN LANE NEW YORK 


PAUL P. GOUDKOFF 
GEOLOGIST 


GEOLOGIC CORRELATION BY FORAMINIFERA 
AND MINERAL GRAINS 


1222-24 SUBWAY TERMINAL BUILDING 
LOS ANGELES, CALIFORNIA 


HARRY W. OBORNE 


ARTHUR L. HAWKINS 
CONSULTING GEOLOGIST 


GEOLOGIST FOREIGN AND DOMESTIC EXPLORATIONS, 
EXAMINATIONS, AND APPRAISALS 
420 EAST SAN RAFAEL ST. 309 EAST OLIVE ST. CONTINENTAL OIL BUILDING 
COLORADO SPRINGS LAMAR, COLO. 
PHONE MAIN 1189 PHONE 303 DENVER, COLORADO 
F. B. PORTER R. H. FASH 
PRESIDENT VICE-PRESIDENT 


THE FORT WORTH 
LABORATORIES 


ANALYSES OF BRINES, GAS. MINERALS, 
OIL. INTERPRETATION OF WATER ANAL- 
YSES. FIELD GAS TESTING. 


82814 MONROE STREET FORT WORTH, TEXAS 
LONG DISTANCE 138 


DONALD C. BARTON 


CONSULTING GEOLOGIST AND 
GEOPHYSICIST 


SPECIALIST ON EOTVOS TORSION BALANCE 
717 PETROLEUM BUILDING 


HOUSTON TEXAS 


H. B. GOODRICH 


PETROLEUM GEOLOGIST AND ENGINEER 


1628 SOUTH CINCINNATI AVENUE 
TELEPHONE 2-8228 


TULSA OKLAHOMA 
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DIRECTORY OF 
GEOLOGICAL SOCIETIES 


FOR THE INFORMATION OF GEOLOGISTS VISITING 
LOCAL GROUPS. FOR SPACE, APPLY TO THE BUSI- 


NESS MANAGER, BOX 


1852, TULSA, OKLAHOMA 


PANHANDLE 
GEOLOGICAL SOCIETY 


AMARILLO, TEXAS 
- - - - H. E. CRUM 
SKELLY OIL COMPANY 
VICE-PRESIDENT - - - W. E. HUBBARD 
HUMBLE OIL & REFINING COMPANY 


VICE-PRESIDENT - - - VICTOR COTNER 
PINEY OIL COMPANY 


SECRETARY-TREASURER - - HARRY ROGATZ 
PHILLIPS PETROLEUM COMPANY 


PRESIDENT 


MEETINGS: FIRST AND THIRD FRIDAY NOONS, EACH 
MONTH. PLACE: LONG HORN ROOM, AMARILLO HOTEL 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 


PRESIDENT - - - - JAMES P. BOWEN 
PANHANDLE REFINING COMPANY 


VICE-PRESIDENT - - WILLIAM J. NOLTE 
218 HAMILTON BUILDING 


SECRETARY-TREASURER - A. M. LLOYD 
SUN OIL COMPANY 


MEETINGS: SECOND FRIDAY, EACH MONTH, AT 6:30 P.M. 
LUNCHEONS: FOURTH FRIDAY, EACH MONTH, AT 12:15P.M 
PLACE: WICHITA CLUB, NATIONAL BUILDING 


TULSA 
GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 


PRESIDENT - FRANK R. CLARK 
MID-KANSAS OIL & GAS COMPANY 

1ST VICE-PRESIDENT - - - IRA H. CRAM 
PURE OIL. COMPANY 

2ND VICE-PRESIDENT - - T. E. WEIRICH 
TIDAL OIL COMPANY 

SECRETARY-TREASURER - - E. A. MARKLEY 

BARNSDALL OIL COMPANY 


MEETINGS: FIRST AND THIRD MONDAYS, EACH MONTH, 
FROM OCTOBER TO MAY, INCLUSIVE, AT 8:00 P. M., 
FOURTH FLOOR, TULSA BUILDING. LUNCHEONS: EVERY 
THURSDAY, FOURTH FLOOR, TULSA BUILDING. 


KANSAS 
GEOLOGICAL SOCIETY 


WICHITA, KANSAS 


PRESIDENT - - - JOHN L. GARLOUGH 
612 BROWN BUILDING 
VICE-PRESIDENT > - ANTHONY FOLGER 
GYPSY OIL COMPANY 
SECRETARY-TREASURER - - PERRY R. HANSON 
708 BROWN BUILDING 


REGULAR MEETINGS, 12:30 P. M., AT INNES TEA ROOM, 
THE FIRST SATURDAY OF EACH MONTH. VISITING 
GEOLOGISTS ARE WELCOME. 


THE KANSAS GEOLOGICAL SOCIETY SPONSORS THE 
WELL LOG BUREAU WHICH IS LOCATED AT 719-20 UNION 
NATIONAL BANK BUILDING. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 
SHREVEPORT, LOUISIANA 


PRESIDENT - - - 7 M. W. GRIMM 

TIDAL OIL. COMPANY 

315 WARD BUILDING 
VICE-PRESIDENT - - - C.M. DORCHESTER 

GULF REFINING COMPANY 
ARDIS BUILDING 
SECRETARY-TREASURER W. F. CHISHOLM 
HALLIBURTON OIL WELL CEMENTING COMPANY 
526 RICOU-BREWSTER BUILDING 


MEETS THE FIRST FRIDAY OF EVERY MONTH, ROOM 


605, SLATTERY BUILDING. L 
NOON, WASHINGTON HOTEL. 


HOUSTON 
GEOLOGICAL SOCIETY 


HOUSTON, TEXAS 


PRESIDENT - - - - GEORGE SAWTELLE 
KIRBY PETROLEUM COMPANY 


VICE-PRESIDENT - - - - J. BRIAN EBY 
SHELL PETROLEUM CORPORATION 


SECRETARY-TREASURER - JOHN F. WEINZIERL 
PETROLEUM BUILDING 


REGULAR MEETINGS, EVERY TUESDAY AT NOON AT THE 
UNIVERSITY CLUB. FREQUENT SPECIAL MEETINGS 
CALLED BY THE EXECUTIVE COMMITTEE. FOR ANY 
PARTICULARS PERTAINING TO MEETINGS CALL THE 
SECRETARY. 
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DALLAS 
PETROLEUM GEOLOGISTS 


DALLAS, TEXAS 


CHAIRMAN - - - - - H. B. HILL 
U. S. BUREAU OF MINES 
VICE-CHAIRMAN - - - F. E. KENDRICK 
LONE STAR GAS COMPANY 
SECRETARY-TREASURER - - - T. K. KNOX 
TEXLA ROYALTY COMPANY 


MEETINGS: LUNCHEON AT 12:15, BAKER HOTEL, SECOND 
MONDAY OF EACH MONTH. TECHNICAL MEETINGS. 7:45 
P. M., HYER HALL, SOUTHERN METHODIST UNIVERSITY, 
LAST MONDAY OF EACH MONTH. VISITING GEOLCGISTS 
ARE WELCOME AT THE MEETINGS. 


WEST TEXAS GEOLOGICAL 


SOCIETY 
SAN ANGELO, TEXAS 
PRESIDENT - - o - R. E. RETTGER 


SUN OIL COMPANY, SAN ANGELO 
VICE-PRESIDENT - - - GEORGES VORBE 
TEXAS PACIFIC COAL AND OIL COMPANY, MIDLAND 
SECRETARY-TREASURER - - R. L. CANNON 

CANNON AND CANNON, SAN ANGELO , 
MEETINGS: FIRST SATURDAY, EACH MONTH, AT 7:30 


P. M.. ST. ANGELUS HOTEL. LUNCHEON: THIRD 
SATURDAY EACH MONTH AT 12:15. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


PRESIDENT - - - OSCAR HATCHER 
GYPSY OIL COMPANY 
VICE-PRESIDENT - - CLIFFORD W. BYRON 


STATE NATIONAL BANK BUILDING 


SECRETARY-TREASURER - - Ss. W. HOLMES 
EMPIRE OIL AND REFINING COMPANY 
MEETS THE FOURTH MONDAY NIGHT OF EACH MONTH 


AT 7:00 P. M., AT THE ALDRIDGE HOTEL. VISITING 
GEOLOGISTS WELCOME. 


ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM 


GEOLOGISTS 
DENVER, COLORADO 


PRESIDENT > - - J. HARLAN JOHNSON 
COLORADO SCHOOL OF MINES 

GOLDEN, COLORADO 

VICE-PRESIDENT JUNIUS HENDERSON 
CURATOR OF THE MUSEUM 

BOULDER, COLORADO 

VICE-PRESIDENT - - H. W. C. PROMMEL 
CONSULTING GEOLOGIST, DENVER, COLORADO 
SECRETARY-TREASURER - W.A.WALDSCHMIDT 
MIDWEST REFINING COMPANY, DENVER, COLORADO 

LUNCHEON MEETINGS, FIRST AND THIRD THURSDAYS OF 
EACH MONTH, 12:15 P. M. AUDITORIUM HOTEL. 


FORT WORTH 
GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS 


PRESIDENT - ~ - CHARLES E. YAGER 
TEXAS PACIFIC COAL AND OIL COMPANY 


VICE-PRESIDENT - - - W. W. PATRICK 
THE TEXAS COMPANY 


SECRETARY-TREASURER - - M. F. BOHART 
THE PURE OIL. COMPANY 


MEETINGS: EVERY MONDAY NOON AT THE TEXAS HOTEL 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 


OKLAHOMA CITY, OKLAHOMA 


PRESIDENT - J.T. RICHARDS 
GYPSY OIL COMPANY 


VICE-PRESIDENT - = ROBERT M. WHITESIDE 
SHELL PETROLEUM CORPORATION 


SECRETARY-TREASURER R. D. JONES 
SHELL PETROLEUM CORPORATION 


MEETINGS: SECOND MONDAY, EACH MONTH, AT 7:30 
P.M., 9TH FLOOR COMMERCE EXCHANGE BUILDING. 


LUNCHEONS: EVERY SATURDAY AT 12:15 P. M., 9TH 
FLOOR, COMMERCE EXCHANGE BUILDING. 


VISITING GECLOGISTS ARE WELCOME TOALL MEETINGS. 
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IN 1929 
13 Wells Completed by 
Sullivan System Pro- 
duced More Than 
30 Others 


Gas pressure has made Sullivan-Drilled Wells the 
real producers in Turner Valley. 


Not only are the diamond-drilled wells sure to be 
brought in satisfactorily without tools lodged in 
the hole. They flow more oil because they are 


free of ice and frozen mud. 


When a drill pierces the cap rock in Turner Valley, 
it strikes pressure of 3,000 lbs. Rapid expansion 
of the gas immediately freezes all the water in 
the hole. Sullivan Core Drills are the only drills 
which do not need mud fluid to carry away the 
cuttings. 


Sullivan Diamond-Drill cuttings are fine. They 
are washed away with oil. There is nothing in 
the hole to freeze. During 1929, 13 Sullivan 
Core-Drilled Wells in Turner Valley produced 
more than the 30 other wells in the field. 


New Sullivan Booklets 85-H and 85-K are sed 


with news of new developments in Core “Drill ing. 
Send for copies now. 


SULLIVAN CORE DRILLS 


Protect Oi) Investments 


MACHINERY COMPANY 
412 N. Michigan Avenue 

CHICAGO 
GEO. E. er i Agent for Oklahoma 
*Kansas 
Garber - Wichita 
New York St.Louis Garber Dallas Denver 
San Francisco Spokane London 


For 
Longer, Better 


CORES 


—the H. C. Smith Type 
“C” Coring Outfit is being 
used more extensively every 
day by men who are experts 
in highly efficient oil-well 
drilling. These expert 
drillers, the country over, 
have selected the H. C. 
Smith Type “C” after care- 
ful comparison and actual 
tests with many other cor- 
ing outfits. 


. H.C Smith Mfg. Co., Inc. 
Los Nietos, California 
Branch Offices and Warehouses 
Bakersfield, Calif. Ventura, Calif. 

Kettleman Hills, Calif. 
Oklahoma City, Okla. 


“4 Cable address ‘‘Smithco,’’ Whittier 


Annotated Bibliography 
of Economic Geology 


SPONSORED BY THE 
NATIONAL RESEARCH COUNCIL 


Covers articles on all metallic and non- 


metallic deposits (including petroleum and 
gas), hydrology, engineering geology, soils 
(in so far as related to geology), and all 
subjects that have any bearing on economic 
geology. 

The collection of the titles and the 
preparation of the abstracts is under the 
direction of Mr. J. M. Nickles. 

The bibliography covering 1928 is a single 
volume of 380 pages containing 1756 entries. 
In succeeding years, however, two volumes 
of about 200 pages each will be published 
at intervals of about six months. The vol- 
ume for the first half of 1929 is now in 
the press. It is expected to be ready for 
mailing by March 15th. 

The price of the Bibliography is $5.00 
per year, or $3.00 for each of the semi- 
annual numbers. 


Kindly send orders to 


ECONOMIC GEOLOGY 
Urbana, Illinois, U. S. A. 


Be sure to mention the BuLietin when writing to advertisers 
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Standardized 
 QIL ACCOUNTING AND 
FIELD FORMS 


A printed or ruled form, suitable for nearly every need of the Oil 
Industry, carried in stock for immediate delivery. 


= 
= WELL LOGS EXPENSE FORMS 
= SCOUT REPORTS SAMPLE ENVELOPES 
= SUB-SURFACE DATA SHEETS 


(Reduced Size) 


= PRINTERS OF THE A. A. P. G. BULLETIN 

= Th¢MiD-WEST PRINTING CO. 
= Standardised Of 

= P O.Box 1465 Accounting and Booklets 
= 317 S. Detroit Field Forms~m Office Forms 
No. 265 Tulsa, Okla. Stationery 


ofl 


The Petroleum Geologist’s IDEAL 
for LOW POWER, LARGE AND WIDE FIELD 


SPENCER NEW MODELS 
Universal Binocular Microscopes 


Multiple Nosepiece 


A new, original, patented objective changer which carries three 
pairs of low-power objectives and revolves like an ordinary 
nosepiece. The objectives may be removed instant- 
ly and others substituted. 


The objectives on the nosepiece are dust proof and 
the worker can easily get to them to clean them. 


NEW—ORIGINAL—BETTER 
New Catalog M-35 features it 


SPENCER LENS COMPANY 


SPENCER Manufacturers SPENCER 
| BUFFALO | Mi s, Microtomes, Delineascopes, Optical | BUFFALO | 
Measuring Instrumente, Dissecting Instruments, etc. —Ts2 
BUFFALO, N. Y. 
Branches: New York Boston Chicago San Francisco Washington 


Be sure to mention the BULLETIN when writing to advertisers 
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REVUE DE GEOLOGIE 


ET DES SCIENCES CONNEXES 


Monthly review of geology and connected 
sciences under the auspices of 
SocrETE GEOLOGIQUE DE BELGIQUE 

with the collaboration of 

The American Mineralogist, Société 
Géologique de France, Service Géol- 
ogique de Pologne, Comitato della 
Rassegna di Geologia, Several Official 
Geological Surveys, Australian Sci- 
ence Abstracts, Bureau d’Histoire 
Naturelle de Prague, and numerous 
Geologists of all parts of the World. 


” 


GENERAL Orrice of the “ Revue de Géologie 
Institut de Géologie, Université de Liége, 
Belgique 


TREASURER of the “Revue de Géologie” 
35, Rue des Armuriers, Liége, Belgique 


Prices: Vol. I (1920) \ Sroee, Vol. II (1921) $8.00, 
Vol. III (1922) $7.50, Vol. IV’ (1923) $7.00, Vol. V 
(1924) $6.50, Vol. VI (1925) $6.00, Vol. VII (1926) 
$5.50, Vol. VIII (1927) $5. 50, Vol. IX (1928) $5.00, 
Vol. X (1929) $5.00 (subscription price). Moderate 
extra rate for cover if wanted. 


SAMPLE COPY SENT ON REQUEST 


Announcing 
THE GEOLOGY OF 
VENEZUELA AND TRINIDAD 
By 
Ralph Alexander Liddle 


A Systematic Treatise on 
the physiography, stratigraphy, general 
structure, and economic geology of the 
United States of Venezuela and the British 
Island of Trinidad. The first comprehensive 
work on the geology of Venezuela. 


xlii+ about 546 pages, 6 by 9 inches, 169 
half-tones and 24 sections and maps. 


Formations from Archeozoic to Recent are named, 
described, correlated, and mapped. All important 
mineral deposits are discussed. Special reference is 
made to producing oil fields. Their location, general 
structure, depth to and character of producing sands, 
gravity of oil, and amount of production are given. 
The book is designed to be of especial assistance to 
petroleum geologists and oil operators as well as to 
those interested in the more academic side of strati- 
raphy, structure, and paleontology. Contains a 
ibliography of all important geologic works on Ven- 
ezuela and Trinidad. Bound in cloth; gold title. 


PRICE, POSTPAID, $7.50 
Order from J. P. MacGowan 
Box 1007 Fort Worth, Texas 


Verlag von Gebriider Borntraeger in Berlin W 35 (Deutschland) 


Ha n d b u ch de [ G e0 p h ys i k herausgegeben in Verbindung mit zahlreichen Mitarbeitern 


von Prof. Dr. B. Gutenberg. 


Band 4, Lieferung 1: Theorie der Erdbebenwellen; Beobachtungen; Bodenunruhe 
von Prof. Dr. B. Gutenberg. Mit 146 Abb. (2098 S.) 1929. Einzel- 


preis (bei Bezug von Band 4) 


Geheftet 30 RM 


Subskriptionspreis (bei Bezug des ganzen Werkes) Geheftet 22 RM 


Lehrbuch der Geophysik herausgegeben von Prof. Dr. B. Gutenberg. Mit 412 


Abbildungen im Text u. 2 Tafeln (XX u. 999 S.) 1929 


Gebunden 80 RM 


Sammlung geophysikalischer Schriften von Professor Dr. Carl Mainka 


Heft 7: Magnetische Verfahren der angewandten Geophysik von Dr. H. Haalck. 
Mit 61 Textabb. und 3 Tafeln (VIII und 150 S.) 1927 Geheftet 12 RM 
Heft 8: Elektrische Bodenforschung, ihre physikalischen Grundlagen und ihre 
praktische Anwendung von Dr. Walther Heine. Mit 117 Textabb. (VIII und 


222 S.) 1928 


Geheftet 18 RM 


Ausfiirliche Verlagsverzeichnisse kostenfrei 
(Detailed list of publications will be sent free) 


Be sure to mention the BULLETIN when writing to advertisers 
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FAIRCHILD AERIAL SURVEYS, INC. 
(DIVISION FAIRCHILD AVIATION CORP., N. Y.) 
AERIAL PHOTOGRAPHIC SURVEYS 
FOR DETAIL GEOLOGICAL RECONNAISSANCE 
Southwestern Branch 
2102 N. Harwood St. DALLAS, TEXAS P. O. Box 1417 


PETTY GEOPHYSICAL ENGINEERING COMPANY, INC. 
706 Travis Building San Antonio, Texas 


Experienced seismograph crews available for consulting work. Only latest equipment and 
methods used. 

Geophysical departments established for oil companies. Complete seismograph, radio, and 
blasting equipment carried in stock, sold only in connection with establishing departments. 


THE KELLY MAP COMPANY 
Om Fietp Mars -- Base Maps ror GEoLocicaL COMPILATIONS AND REPORTS PRINTING 


Our Service Covers---Oklahoma, Texas, Kansas, New Mexico, Arkansas, 
Louisiana, Colorado, Wyoming, and Montana 


319 South Bosion Ave. TULSA, OKLAHOMA P. O. Box 1773 


OIL FIELD MAPS 
HEYDRICK MAPPING COMPANY 


WICHITA FALLS, TEXAS 


FIELD STATIONERY COMPANY 


Complete Office Outfitters 
612 South Main TULSA Phone 3-0161 


TRIANGLE BLUE PRINT & SUPPLY COMPANY 


COMMERCIAL BLUE PRINTING ENGINEERING, DRAFTING & 
PHOTOSTATING & OIL FIELD MAPS ARTIST SUPPLIES 

Mid-Continent Representative for Spencer, Bausch & Lomb, and Leitz Microscopes and Accessories 

12 West Fourth St. Phone 9088 Tulsa, Okla. 


NATIONAL PETROLEUM ENGINEERING COMPANY 
Engineers and Geologists 
TULSA, OKLAHOMA 


APPRAISALS SURVEYS 
REPORTS - COMMERCIAL and TAX ESTIMATES OF OIL RESERVES 


Be sure to mention the BULLETIN when writing to advertisers 
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EXCHANGE BANKS OF TULSA 


BANK Exchange Fychan ceed $5,000,000 
and Resources 
TRUST National Bank Trust Com Exceed 
COMPANY Oil Banks of America” $70,000,000 


OIL STRUCTURE PROSPECTING 
SWEDISH AMERICAN PROSPECTING CORPORATION 
26 BEAVER ST., NEW YORK 2608 BALDWIN ST., HOUSTON, TEXAS 


Surveys by Sundberg electro-magnetic method give close detail on 
faulted or folded structure. 


JOURNAL OF PALEONTOLOGY 


A publication devoted to scientific papers on paleontology and sedimentary petrography 
with special reference to new researches in micro-paleontology and descriptions of fossils 
important for the correlation and identification of oil-field formations. 


Published four times a year by the Society of Economic Paleontologists and Mineralo- 
gists, a section of the American Association of Petroleum Geologists. 


Raymonp C. Moore, Editor 
University of Kansas, Lawrence, Kansas 


Volume IV now in press. Volume III contains more than 50 plates of fossils, numerous 
text figures, and diagrams accompanying papers by Roth, Vaughan, Weinzierl and Applin, 
Church, Brown, Boos, Campbell, Wiedey, Barnsley, Hertlein, Berry, Palmer, Harlton, Car- 
man, Moore, Stephenson, Cushman, Thomas, Lamar, Plummer, Kellett, White, Cordry, 
Hansen, G. D. Hanna, Grant, and Vanderpool. 


The Journal of Paleontology is a helpful handbook to the student of paleontology and a 
necessary addition to every scientific library. 


Subscription price is $6.00 per year ($2.00 for single numbers). 


Address communications regarding subscriptions to Gayle Scott, secretary-treasurer, Texas 
Christian University, Fort Worth, Texas. 


Back numbers, as far as they are in stock, for sale by J. P. D. Hull, business manager 
A. A. P. G., Box 1852, Tulsa, Oklahoma. 


Be sure to mention the BULLETIN when writing to advertisers 
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STRUCTURE 


OF 


TYPICAL AMERICAN 
OIL FIELDS 


A SYMPOSIUM ON THE RELATION OF 
OIL ACCUMULATION TO 
STRUCTURE 


VOLUME I 
1929 


Condensed Table of Contents, showing fields, by states 


ARKANSAS: Irma. CALIFORNIA: McKittrick. INDI- 
ANA: Tri-County. KANSAS: Fairport, Coffeyville, Rainbow 
Bend, Nemaha Mountains. KENTUCKY: Eastern Coal Field. 
LOUISIANA: Urania. MICHIGAN: Saginaw. NEW MEXI- 
CO: Artesia. OHIO: Eastern. OKLAHOMA: Morrison, Mer- 
vine, Ponca, Blackwell, South Blackwell, Garber, Crinerville, Turkey 
Mountain, Burbank, Glenn. TENNESSEE: Tinsleys Bottom, 
Celina, Spurrier-Riverton, Sumner County, Spring Creek, Glenmary, 
Bone Camp. TEXAS: Luling, Westbrook, Wilbarger County, 
Mexia and Tehuacana Fault Zones, Laredo, Archer County. WEST 
VIRGINIA: Copley, Cabin Creek. INDEX. 


39 authors, each familiar with his particular field. 510 pp., 190 illus. 
Cloth. 9X6 inches. Price, postpaid, $5.00. To A.A.P.G. members, 
$4.00. To public libraries and educational institutions, $4.00. 
Recommended to the geology departments of colleges and universities. 


Order Your Copy Now 


THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
BOX 1852, TULSA, OKLAHOMA, U.S.A. 


LONDON: THOMAS MURBY & CO., 1, FLEET LANE, E.C 4 
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| STRUCTURE 


OF 


TYPICAL AMERICAN 
OIL FIELDS 


A SYMPOSIUM ON THE RELATION OF 
OIL ACCUMULATION TO 


STRUCTURE 

VOLUME II | 

1929 

Condensed Table of Contents, showing fields, by states 
ARKANSAS: Stephens. CALIFORNIA: Santa Maria, Ven- 

=| tura Avenue, Elk Hills, Long Beach. COLORADO: Florence, 


Northwestern. ILLINOIS: Centralia, Sandoval, Martinsville. | 
E KANSAS: Virgil, Madison, El Dorado. LOUISIANA: Caddo, 
Homer, Bellevue. MONTANA: Kevin-Sunburst. NEW YORK: 
Cattaraugus, Allegany, and Steuben Counties. OKLAHOMA: 
Hewitt, Cromwell, Seminole, Delaware Extension, Depew, Cush- 
oa ing. PENNSYLVANIA: Bradford, Scenery Hill. TEXAS: West 
t Columbia, Stephens County, Yates, Big Lake, Petrolia, Smith- 
Ellis. WEST VIRGINIA: Griffithsville, Tanner Creek, Granny 
: Creek. WYOMING: Elk Basin, Salt Creek, Lance Creek, Rock 
| Creek, Grass Creek, Lost Soldier. SUMMARY: Réle of Struc- 
ture in Oil Accumulation. INDEX. 


a 45 authors, each familiar with his particular field. 780 pp., 235 
illus. Cloth. 9X6 inches. Price, postpaid, $6.00. To A.A.P.G. 
members, $4.00. To public libraries and educational institu- 
tions, $4.80. Recommended to the geology departments of colleges 
and universities. 


PUBLISHED IN DECEMBER, 1929 
Order Your Copy Now 


q THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
BOX 1852, TULSA, OKLAHOMA, U.S.A. 


LONDON: THOMAS MURBY & CO., 1, FLEET LANE, E.C. 4 
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A Subscriber Writes: 


“‘T wish to inform you that I find 
your journal full of most valuable 
information from start to finish and 
I am only sorry that I did not sub- 
scribe sooner.”’ 


You, too, will find much information of interest and value in 


The OIL WEEKLY 


If you read the “Office copy,” why not have a copy sent to your home where 
you can read it at your leisure? The cost is only $1.00 a year. Use the attached 
order blank—NOW 


The OIL WEEKLY 


P. O. BOX 1307 HOUSTON, TEXAS 


Enter my name for one year’s subscription to The OIL WEEKLY, for which you will find enclosed 
check for $1, as payment in full. 


(BE SURE TO STATE COMPANY AND POSITION, otherwise it will be necessary for us to 
hold up entering your subscription until we can get this information from you.) 


Be sure to mention the BULLETIN when writing to advertisers 
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Leitz Petrological Microscope ““CM” 


LEITZ 
Petrological (Polarising) Microscopes 


are the Standard for 


OIL GEOLOGISTS 


in their petrological investigations 


The Oil Geologists have come to the realization that 
only the most precise equipment will render depend- 
able and unfailing results. The Leitz Petrologi- 
cal Microscopes meet the most exacting re- 
_ for routine and research work, 

ue to Superior Workmanship and Perfect 
Alignment. 


QO QO 


Leading Institutions, Government Depart- 
ments, and Industrial Laboratories throughout 
the world recognize these indisputable features 
and have adopted Leitz Petrographical Micro- 
scopes as Standard for their Investigations. 


Write for Catalog No. I1I-B (V) 


E. LEITZ, Inc. 
60 EAST 10th ST. NEW YORK 
BRANCHES: 


Washington, D. C. 
Illinois 
Los Angeles, Calif. (Spindler & Sauppé, 811 West 7th St.) 
San Francisco, Calif. (Spindler & Sauppé, 86 Third St.) 


CARBON 
Black Diamonds 


- for - 


DiamondCore Drills 


Quality - Service 


THE DIAMOND DRILL CARBON CO. 


63 Park Row 
New York City 


Cable Address: CREDOTAN, N. Y. 


We Look into the Earth 


by using the Diamond Core Drill and bring- 
ing out a core of all strata so that it can be 
examined and tested. 


Shallow holes to determine structure can be 
drilled at low cost. 

Core drill can be used to complete test that 
has failed to reach desired depth. In many 
places “wild cat” wells can be drilled with 
the core drill at a fraction of the cost for 
large hole, and the core shows nature and 
thickness of oil sands. 


PENNSYLVANIA DRILLING CO. 
Pittsburgh, Pa. 


CORE DRILLING CONTRACTORS 
Cable Address PENNDRILL, Pittsburgh 


Be sure to mention the BULLETIN when writing to advertisers 
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PALEONTOLOGICAL PAPERS 


Special Separates with Covers from 


THE BULLETIN OF 
THE AMERICAN ASSOCIATION 
OF PETROLEUM GEOLOGISTS 


Convenient for use in Laboratory and Field 


1925. Subsurface Stratigraphy of the Coastal Plain of Texas and 
Louisiana, by E. R. Applin, A. C. Ellisor, and H. T. Kniker. 
43 pp.,map,and plate - - - - - - - $0.50 
1925. Correlation of Organic Shales in the Southern End of the San 
Joaquin Valley, California, by E. G. Gaylord and G. D. Hanna. 
An Eocene Fauna from the Moctezuma River, Mexico, by 
J. A. Cushman. Both, 75 pp.,5 plates - - - $0.50 
1926. Texas Jackson Foraminifera, by J. A. Cushman and FE. R. 
Applin. 35 pp.,7plates - - - - - - $0.50 


Order direct from the American Association of Petroleum Geologists 
BOX 1852 TULSA, OKLAHOMA 


Geological and geomagnetic surveys conducted 


j ici AT STR R 
Speed- Simplicity- Sensitivity TH UCTURE MAP? 
THAT TABLE OF FORMATIONS? 


You Want Reliable Information 


Was it PUBLISHED in the BULLETIN? 


Don’t Waste Time and Energy 


Get the Bulletin Index No 


: : +: As Usefulasa Compass : : : 


Complete detailed cross reference key to 
Vols. 1-10 of the Bulletin. This is not a list 
of papers; it is a complete working index. 


THE 


HOTCHKISS SUPERDIP 


For Magnetic Exploration 


Price, $2.00, Postpaid. 


Address 
W. C. McBRIDE INC. American Association of 
704 Shell Bidg., St. Louis, Mo. Petroleum Geologists 


under the direction of Dr. Nort H. STEARN. Box 1852 Tulsa, Oklahoma 


Be sure to mention the BULLETIN when writing to advertisers 
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All in One— 


AV 


In addition to its oil field maps, well logs, cross sections, 


contours, and geological data, each issue of THE Ort AND Gas 
JouRNAL contains a comprehensive compilation of detailed field 
reports and statistics. 
Manufactured sensationalism has no place in THE OIL AND 
Gas JourNaAL. All reports, news items, and statistics are checked 
and rechecked by its editors before being released for publi- 
cation—an energetic conservatism that assures its readers a 
complete, nation-wide, absolutely honest transcript of each 
week’s developments. 
Get detailed information of all activities each week by read- 


ing THe Ort AND Gas JourNAL. Send your subscription now. 


The Oil and Gas Journal 


TULSA, OKLAHOMA 


Mail Tue Or anp Gas JourNAL to me every 
week for a period of . Later I 
will send six dollars for one year (52 issues). 


Start my subscription now so that I will get 


all coming special numbers. 


Name _ 


Title 


Company 


Means depth to Wilcox is 4125” 
I lanes across townsn: thet 
ip has not had test fo the Wilcox. 


Wildcat test} 
Address 


Maps, Cross Sections, Contours, in Every Issue 


Be sure to mention the BULLETIN when writing to advertisers 
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You no longer need a crew of 
men to make a Pre- 
liminary Field Survey 


You, alone, can do the work of 
days, in a few hours 
with the new 


Paulin Altimeter 


Tremendous savings—in time and labor—have caused over 
50 leading oil companies to use the Paulin Altimeter for all 
field work . . . . You can read elevations less than a yard 
apart instantly and accurately with the Paulin—like using 
a watch. No log—no hysterisis—no computations—as with 
the old style aneroid. The Paulin sets a new standard of 
accuracy and renders a time and money saving service that 


makes it indispensable to any engineer. 


Send for FREE manual of Altimetry 
and learn this new, easier way.... 


Sign below and mail to The American Paulin System, Inc., Dept. 
PG-5, 1201 Maple Ave., Los Angeles, Calif., for free copy of Paulin 
Alimetry Manual and information on Paulin instruments. 


| 
m Brulin 

| 
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~ AA 
No 
Hughes 
Product= 
| is ever offered for sale 
4 until complete tests, 
both in laboratory 
7 and in the field, have 
| proved it to be the 
: most economical tool 
; for the purpose for 
| whichit was designed. 
Sold by 
4 €| ste 

Everywhere 


Hughes Tool Company 


Main Office and Plant 

HOUSTON - TEXAS f 
SERVICE PLANTS EXPORT OFFICES / 
4 Los Angeles Woolworth Building 4 
4 Oklahoma City New York City # 
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